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ABSTRACT 
The Porgera gold mine is a large, high-grade, vein and fault-hosted deposit located in the 
highlands of Papua New Guinea. Gold mineralisation at Porgera is spatially associated 
with oxidised, hydrous magmas of the Porgera Intrusive Complex. Prior to emplacement 
of the intrusive complex, the Porgera area experienced a period of shortening due to 
collision of a southward-moving arc with the northern edge of Papua New Guinea. Two 
stages of mineralisation which have distinct mineral assemblages and structural 
association, formed shortly after emplacement of the intrusive complex at a depth of 
approximately 3 km. 
Stage I veins are spatially associated with the exposed stocks of the intrusive complex. 
The stage I veins are hosted by extension fractures, which formed in response to high 
fluid pressures generated during magmatic volatile exsolution (from depth) within the 
intrusive complex. The formation of sub-horizontal stage I veins indicates fluid 
pressures, at least periodically, exceeded the lithostatic load. The stage I veins 
predominantly contain base metal sulphides (pyrite + sphalerite +galena). Native gold 
occurs as inclusions within pyrite resulting in gold grad~s up to 20 git within the veins. 
Stage II mineralisation is hosted by faults and fractures of the ENE-striking Roamane 
Fault Zone. The Roamane Fault Zone is a late structure (post stage I mineralisation) 
which hosts the stage n mineralisation as the matrix to multiple generations of breccia and 
cataclasite. The largest single concentration of stage II mineralisation occurs within the 
immediate footwall of the principal displacement zone, where a breccia and cataclasite 
zone up to 5 m wide (footwall breccia) dips steeply SSE. This mineralisation forms the 
high-grade core to the Porgera deposit (Zone VII and VllA). Stage II mineralisation is 
also hosted by subsidiary, E-striking (steeply dipping) and ENE-striking (sub-vertical) 
fault-fractures. Subsidiary fault and fracture-hosted veins are particularly prevalent in the 
footwall of the underground mine and bangingwall of the surface mine. The stage II 
mineralisation is dominated by quartz+ calcite+ pyrite+ roscoelite (vanadium-rich 
sericite). Native gold occurs as inclusions within pyrite and is also closely associated 
with roscoelite mineralisation. Gold grades up to thousands of grams per tonne occur in 
these veins. 
Stage I veins have no spatial or temporal relationship with the Roamane Fault Zone and 
are always overprinted by the fault-hosted stage II veins. Stage I veins are single-event 
fractures, most of which show no evidence for fault-related episodic fracturing and 
brecciation. This suggests that the Roamane Fault Zone was formed and became active 
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only during stage II mineralisation. Had the fault zone been active earlier, then sorrie 
control of stage I veining by the active fault zone would be expected in the presence of 
high fluid pressures (up to lithostatic) inferred from the stage I veins. 
In plan, the geometry of the Roamane Fault Zone is suggestive of dextral strike-slip 
shear, however detailed examination of the fault structure suggests that predominantly 
dip-slip normal movement occurred on the fault zone during stage II mineralisation. An 
early foliated cataclasite in the footwall breccia and E-striking subsidiary splay faults are 
interpreted to have been formed during dextral strike-slip movement on the basis of the 
geometry of the fault zone, however no kinematic indicators from the early foliation have 
been identified due to re-brecciation and stage II mineralisation. Post-stage II veins 
(containing calcite+ anhydrite+ gypsum) were deposited in faults and fractures of the 
Roamane Fault Zone during waning of the hydrothermal system. Slickensides associated 
with late carbonate vein growth indicate dextral strike-slip movement occurred on the 
fault zone during this late mineralisation. Therefore, deformation associated with the 
Roamane Fault Zone evolved from dextral strike-slip after stage I veining (before stage II 
mineralisation), to normal slip during stage II mineralisation, to dextral strike slip after 
stage II mineralisation. Normal movement on the fault zone may have been induced by 
uplift or magmatic resurgence of the intrusive complex at depth. 
The sequence of deformation at Porgera reflects the evolution of the region following 
collision of a southward-moving arc terrane with the northern edge of Papua New 
Guinea, which blocked southward subduction. Melting of the blocked, subducted slab is 
interpreted to have contaminated mantle partial melts to produce the oxidised, hydrous, 
alkaline magmas of the Porgera Intrusive Complex. NNE-directed shortening of the 
Papuan Fold Belt, which occurred immediately after collision (from 10 Ma) had ended 
before the Porgera Intrusive Complex was emplaced (at approximately 6 Ma). ANNE-
directed maximum principal stress ( cr1) which prevailed during shortening continued in 
the same orientation during stage I veining although no shortening occurred during 
mineralisation. A change in the style of deformation from predominantly extension 
fracturing during stage I mineralisation to fault-slip during stage II mineralisation is 
marked by the formation of the Roamane Fault Zone. The change in tectonic environment 
which resulted in the formation of the ENE-striking Roamane Fault Zone is probably a 
result of post-collisional relaxation of the NNE-directed maximum principal stress ( cr1), 
such that the NNE-directed stress became the minimum principal stress (cr3). 
Formation of the Roamane Fault Zone resulted in a change in localisation of fluid flow 
within the hydrothermal system. Fluid flow during stage I veining occurred throughout 
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the intrusive complex, such that the stage I veins are spatially associated with the exposed 
stocks, although the density of the stage I veins is higher near the current mine. Stage II 
mineralisation on the other hand, is hosted by a single fault zone of approximately 1000 m 
strike length and 540 m vertical extent. During stage II mineralisation, ENE-striking, 
sub-vertical subsidiary fault-fractures in the footwall of the Roamane Fault Zone, allowed 
rapid vertical migration of fluids which were then focussed into the f ootwall breccia 
during stage II mineralisation. The highest grades and thickest section of the footwall 
breccia corresponds to the steepest section of the principal displacement zone, which 
would have been the most dilational during normal fault-slip. 
Layered cataclasite and cyclical stage II mineralisation, punctuated by brecciation indicates 
multiple episodes of fault slip occurred during stage II mineralisation. Injection cataclasite 
and implosion breccia associated with stage II mineralisation indicates sudden fault 
failure. Lattice calcite, deposited in the stage II mineralisation, immediately after some 
brecciation events indicates a significant pressure decrease and phase separation of the 
fluids within the fault zone in response to increased fracture-permeability. Accretionary 
pyrite spheres from the footwall breccia indicate this structure had a very high 
permeability and experienced rapid fluid flow immediately after fault rupture. 
Repeated episodes of rapid fault slip have enhanced permeability, decreased fluid pressure 
within the fault and focussed fluids from depth and the surrounding wall-rock. 
Subsequent stage II mineralisation and sealing of fault structures has resulted in an 
increase in the fluid pressure surrounding the fault, prior to further fault failure. This 
fault-valve style mechanism (Sibson 1987) enabled focussing of fluids from higher 
pressure regions, at depth and from the surrounding wall-rock during stage II 
mineralisation. The fluid focussed by the fault zone was subjected to rapid changes in 
pressure and temperature that resulted in stage n calcite + quartz mineralisation which 
contains no gold. High-grade gold mineralisation was probably generated by mixing of 
fluid focussed by the fault zone from depth with fluids derived from the carbonaceous 
shale wall-rock (Cameron et al. 1995). Efficient mechanical mixing of these two fluids in 
the Roamane Fault Zone was probably achieved during deformation by a suction-pump 
style mechanism (Sibson 1992). It is most likely that immediately after fault slip, a 
suction-pump action occurred which caused rupture arrest adjacent to the steepest part of 
the principal displacement zone (footwall breccia), which was the most dilational part of 
the fault zone during normal fault-slip. Implosion breccia indicates suction-pumping may 
also have occurred on a much smaller scale in dilational jogs associated with subsidiary 
faults. 
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1 INTRODUCTION 
The Porgera gold mine is located in Enga Province in the highlands of Papua New Guinea 
(latitude 5° 28' Sand longitude 143° 05' E) (Figure 1.1). The Porgera gold resource is 
currently mined underground and at the surface. Since opening in late 1990, Porgera has 
been one of the worlds largest producers of gold with greater than 140 t (5 Moz) of gold 
recovered In 1992 annual production at Porgera was almost three times that of 
Australia's largest gold mine (the Kalgoorlie Super Pit) (Tyrwhitt 1993). The current 
identified resource is estimated at 108 Mt at 3.8 git gold, making the Porgera gold deposit 
a large, high-grade, world-class deposit. An understanding of the key structural, tectonic 
and magmatic processes involved in the formation of magmatic-related hydrothermal gold 
deposits, such as Porgera is important to maximise the potential of future mineral 
exploration in similar environments. Models of the important processes involved in the 
formation of deposits such as Porgera may have application to many areas in the Pacific 
including, Philippines, Indonesia, China, western North America, western South 
America, New Zealand, south pacific islands and eastern Australia. In addition, more 
fundamental questions regarding the focusing of hydrothermal fluids in. the crust and the 
factors controlling fluid transport in active structures can be addressed by understanding 
the origins of fossil hydrothermal systems such as Porgera. 
In order to understand the controls on the formation of the Porgera deposit, it is important 
to consider the following processes involved in the structural control of hydrothermal 
fluid movement and ore mineralisation. 
• The evolution of stress, fracture development and the influence on the fluid pressure in 
the vicinity of a cooling intrusive complex. 
• How fault development, associated fracture networks and mineral precipitation affect 
the permeability of the intrusive complex during hydrothermal fluid circulation. 
• The volume of fluids which may be focussed by active faults (i.e. the efficiency of 
fluid focusing and rate of fluid flow in different deformation environments) and the 
potential for mineralisation. 
Fundamentally, this project aims to better understand the structural, deformational and 
tectonic controls on the geometty of intrusive-related alteration, vein systems and gold 
distribution at Porgera which will have more general application to understanding: 
• Factors controlling the geometty and dynamics of fluid flow in hydrothermal systems. 
• The genesis of porphyry and epithermal gold deposits near active plate margins. 
• The role of structures in the formation of mineral deposits in the upper crust. 
t 
Australian 
Plate 
N 
t 
Pacific Plate 
.,_ 
500km 
Figure 1.1 Location of the Porgera gold deposit within the Porgera Intrusive Complex in the highlands 
(Papuan Fold Belt) of Papua New Guinea. Porgera is located approximately 25 km south of the Lagaip 
Fault Zone, which is an Early - Middle Miocene collision margin, marking the northernmost limit of the 
Australian craton (basement) of Papua New Guinea. 
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The following work is largely a result of extensive field-based structural investigations 
into the defonnation of the Porgera Intrusive Complex and host rocks, prior to intrusion, 
during intrusion, during mineralisation and post mineralisation. The following work 
concentrates on: 
• The interaction and feedback between fluid pressure, permeability, fluid flow and 
defonnation. 
• The structural history of the Porgera Intrusive Complex and interaction between the 
tectonic evolution, structural history and magmatism. 
• Timing of emplacement of the intrusive complex and timing of mineralisation within 
the regional tectonic framework. 
• Mechanisms of defonnation during mineralisation and the role of the structure in 
controlling hydrothermal fluid flow. 
• Quantitative modeling of structurally controlled fluid flow with implications for the 
processes of gold mineralisation and potential for the formation of large high-grade 
gold mineralised zones such as Porgera. 
This study of the structure, deformation, fluid flow and mineralisation has been 
completed in parallel with a study on the geochemistry o.f the Porgera gold mineralisation 
by Greg Cameron (in prep.). The results of the geochemical study and previous 
geochemical studies complement structural studies and provide constraints on the 
evolution of the hydrothermal fluid flow at Porgera. 
Structural measurements made during this study are reported here in terms of dip/dip 
azimuth or plunge/plunge azimuth, with respect to true north unless otherwise stated. 
Mine grid north = 341° true north. 
1. 1 The Porgera Gold Deposit 
The Porgera gold deposit is spatially and temporally associated with a mafic alkalic 
intrusive complex (Richards 1990a, 1990b) which was intruded at a late stage in the 
tectonic history of the Papua New Guinea region. Papua New Guinea is located at the 
boundary of the northward moving Australian Plate and the westward moving Pacific 
Plate (Figure 1.1). This area has been a continent-arc collision zone since the Late Eocene 
(Smith 1990). 
The Porgera gold deposit is located towards the southern edge of the Porgera Intrusive 
Complex (Figure 1.2). The intrusive complex consists of a number of gabbroic 
N 
~ 
,,,..-------
// Porgera Intrusive Complex 
I 
1000m 
~-------7-1 KEY~-) 
/ ~ Porgara gold dapoeil 
/ ~ Air-photo lineaments 
, ..., Aeromagnetlc lineaments 
'-.. _ Limit of aeromagnetic anomaly 
~ Exposed inlNSivee 
0 Magnetic highs 
Figure 1.2 Compilation of mapping of the Porgera Intrusive Complex, modified after Henry (1988) and 
Corbet (1980) and based on interpretation of an aeromagnetic survey flown in 1985 (data reduced to the 
pole and shaded with illumination at 45° from the north). The Porgera Intrusive Complex consists of a 
suite of mafic alkaline stocks and dykes which are hosted by Middle - Late Cretaceous shale and Miocene 
limestone (undifferentiated). Gold mineralisation is centred on the Roamane Fault Zone. A large 
aeromagnetic anomaly indicates the presence of a larger, unexposed stock (Logan 1993). Smaller-scale 
magnetic highs relate to smaller surface or sub-surface stocks. Air-photograph and satellite image linears 
(after Henry 1988) are approximately parallel to the margins of the large aeromagnetic anomaly. These 
linears may represent fractures formed during subsidence or emplacement of the intrusive complex. A 
number of magnetic discontinuities (after Logan 1993) are parallel to the Roamane Fault Zone indicating 
similar structures may exist in the intrusive complex (see also Enclosure 1). 
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porphyritic stocks and dykes enclosed in a roughly circular feature identified from satellite 
images and drainage patterns (Henry 1988), (Enclosure 1). Phenocrysts of olivine+ 
clinopyroxene ± hornblende occur in the least fractionated gabbro, some of which display 
cumulate textures (Rock and Finlayson 1990). Hornblende + clinopyroxene + 
plagioclase phenocrysts occur in the more fractionated intrusions (Richards 1990a, 
1990b). The intrusions that are currently exposed at the surface were probably emplaced 
at approximately 3 km depth (estimated to ± 500 m, based on the deformed thickness of 
overlying Eocene -Miocene limestone sediment since eroded). Aeromagnetic data 
indicates subsurface stocks in the northern part of the intrusive complex and a large 
central stock at depth immediately NW of the mine (Figure 1.2, Enclosure 1). Models of 
the aeromagnetic data indicate the top of the large central stock is approximately 400 - 500 
m below the surface (Logan 1993). The host rocks to the intrusive complex are Middle -
Late Cretaceous shale and Miocene limestone which were deposited in a shelf 
environment at the northern edge of the Australian craton. 
The Porgera gold mine is centred on the Roamane Fault Zone which strikes SW across 
the intrusive stocks and dips at 60-75° SSE. The Roamane Fault Zone consists of a 2 m 
wide principal displacement zone (foliated shale), with a 1-5 m footwall breccia adjacent 
to the foliated shale and numerous steeply dipping subsidiary faults which splay 
westwards into the footwall and eastwards into the hangingwall. Fault-related ENE-
striking vertical fault-fractures also splay from the principal displacement zone into the 
footwall and hangingwall. This study will show that dip-slip normal movement on the 
Roamane Fault Zone occurred at a late stage in the evolution of the intrusive complex. It 
was at this stage that the fault zone became host to high-grade gold mineralisation which 
gives Porgera its world-class status. Prior to normal movement, the Roamane Fault Zone 
may have experienced a brief period of dextral strike-slip movement. The Roamane Fault 
Zone also became a dextral strike-slip fault towards the end of hydrothermal activity. 
Two stages of mineralisation (stage I and stage II, after Richards and Kerrich 1993) 
postdate the alkaline stocks and dykes. 
Stage I mineralisation consists of compositionally banded gold-bearing sulphide veins 
which strike NNE across the intrusive complex. These veins occur within the intrusive 
stocks and no further than approximately 200 m from the contact of the stocks with the 
sediment. The veins consist of pyrite, sphalerite and galena with lesser amounts of native 
gold, chalcopyrite, arsenopyrite, friebergite and tetrahedrite. Pyrite makes up 40-60% of 
the volume of these veins. Native gold occurs as microscopic to sub-microscopic 
inclusions within pyrite resulting in gold grades up to 20 git within the vein. 
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This study will show that most of the early sulphide veins have been precipitated within 
extension fractures that are up to 0.5 min width and 100 min length. These extension 
fractures formed in response to high fluid pressures and a low stress difference (0'1-0'3). 
Stage IT mineralisation consists predominantly of quartz, pyrite, roscoelite (vanadium rich 
white mica) with lesser native gold, Au-Ag-Hg-Pb tellurides, apatite and barite with rare 
marcasite, chalcopyrite, tetrahedrite, sphalerite, galena, magnetite and haematite. These 
veins always overprint the earlier sulphide veins. Quartz dominates the mineralogy of 
these veins but does not carry significant gold. Native gold occurs as inclusions within 
pyrite or is closely associated with pyrite or roscoelite mineralisation. The gold grades 
within these veins may be up to thousands of grams per tonne. 
This study will show that fractures hosting stage II mineralisation are related to the 
Roamane Fault Zone whereas most fractures hosting stage I mineralisation are not fault 
related. The bulk of the stage IT gold mineralisation in the mine is hosted by breccia and 
cataclasite in the immediate footwall of the principal displacement zone of the Roamane 
Fault Zone (the so-called Zone VII and Zone VIIA). The footwall breccia is usually 1-2 
m wide but may be up to 5 m wide. Significant stage II mineralisation also occurs 
adjacent to the principal displacement zone in the immediate hangingwall of the Roamane 
Fault Zone in the western part of the deposit. Much of this mineralisation is hosted within 
intrusions of feldspar porphyry. Significant mineralisation is also hosted by footwall and 
hangingwall splay faults and vertical or sub-vertical fractures in the footwall and 
hangingwall. 
1. 2 Previous Studies 
Previous studies concentrating on the Porgera mine area have addressed many aspects of 
the general geology and mineralisation of the Porgera Intrusive Complex. The major 
findings of these studies are outlined briefly here. Further implications of these results to 
this study will be discussed later. 
Early studies of the Porgera area concentrated on describing the rock types, intrusive 
types, alteration and mineralisation (Sombroek 1985, Handley and Bradshaw 1986, 
Fleming et al. 1986, Henry 1988, Handley and Henry 1990). The field names for the 
intrusive rock types and the names used in this study are shown in Table 1.1 . Fleming et 
al. (1986) suggested that the intrusives are typical calc-alkaline on the basis of an AFM 
1 Introduction Page JO 
ternary diagram but with low Iron and Sodium eruichment suggesting they may be 
slightly alkaline. 
Table 1.1 Field names for intrusive rock types at Porgera Field names in bold are those used in this 
study after Fleming et al. (1986) and Handley and Bradshaw (1986). 
Sombroek Fleming et aL Pontifex and Henry (1988) Richards Rock and 
(1985) (1986) Purvis (1987) (new (1990a, Finlayson 
Handley and In Handley and classification) 1990b) (1990) 
Bradshaw {1986) Herny (1990) 
Hornblende Augite Melagabbro Melagabbro Sodic Alkali Cumulates 
Microgabbro Hornblende Basalt (plag.-bearing 
Diorite pyroxenite, 
hornblendite) 
Hornblende Hornblende Hornblende Hornblende Sodic Alkali Appinite 
Dioritc Diorite Gab bro/ Basalt 
(gradational to Microgabbro Diorite 
mafic diorite) 
Hornblende Hornblende Mafic Sodic Hornblende-
Microdiorite Diorite Microd:iorite Trachybasalt Feldspar-
Porphyry Porphyry (bawaiite) Porphyry 
Andesite Andesite/ Mafic Olivine Olivine Basalt Sodic Hornblende-
Porphyry Basalt (to Basalt Trachyandesite Lamprophyre/ 
olivine basalt) (mugearite) Basalt 
Feldspar Feldspar (balsatic) (basaltic) Feldspar Feldspar 
Porphyry Porphyry Andesite An de site Porphyry Porphyry 
Porphyry Porphyry 
Alteration has been interpreted to have occurred in four phases (Fleming et al. 1986). 
Phase I propylitic alteration produced chlorite, calcite and minor dolomite. The stocks 
were pervasively altered with chlorite pseudomorphing mafic minerals and patchy 
carbonate and minor sericite alteration of plagioclase. The carbonaceous shale has been 
re-cemented by calcite (Handley and Bradshaw 1986). Phase IT phyllic alteration has 
resulted in the introduction of :KiO and C02 with the loss of Na,0. The stocks are 
partially altered to sericite and dolomite. Mafic minerals are replaced by carbonate and 
feldspar is replaced by sericite. There is some alteration of serpentine after olivine and 
pyrite after spinel with minor addition of siderite, epidote, clays and apatite. The 
carbonaceous shale has been altered to sericite, montmorillonite clays and dolomite after 
calcite with the concurrent removal of bituminous (organic) material resulting in a 
characteristic bleached altered sediment (Fleming et al. 1986, Handley and Bradshaw 
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1986). Phase III and N alteration relate to the mineralisation and correspond to stage I 
mineralisation and stage II mineralisation (Richards and Kerrich 1993) respectively. 
The structural controls on mineralisation at Porgera were not fully considered by earlier 
workers. Henry (1988) noted a photo-linear and semi-circular outcrop and drainage 
pattern in the southern half of the intrusive complex which approximately paralleled a 
larger scale aeromagnetic anomaly (Figure 1.2). The strong control of the Roamane Fault 
Zone on high grade mineralisation was evident, however its role in the evolution of the 
Porgera Intrusive Complex and its influence on hydrothermal fluid flow during 
mineralisation was not well understood. The controls on stage I mineralisation and the 
relationship between stage I and stage II mineralisation was not addressed. Brecciated 
intrusive - sediment contacts and the Roamane Fault Zone were thought to be the major 
fluid conduits during the stage II mineralisation (Handley and Bradshaw 1986, Henry 
1988) and mineralisation was thought to be a function of (fault) ground preparation 
(Henry 1988). This study will show that ground preparation is unnecessary in the 
formation of mineralised veins and faults, and may have little to contribute to the controls 
on gold mineralisation at Porgera. 
Recently a study of the core of the stage II mineralisation associated with the Roamane 
Fault Zone (Zone VII and Zone VIIA) was completed by Standing (1994) which 
documents and details the structural history and mineral paragenesis of this part of the ore 
body. Standing (1994) uses orthogonal dyke orientations, stage I vein sets and stage II 
vein sets to infer changes in the stress field during magmatism, stage I mineralisation and 
stage II mineralisation and suggests that the dykes and stage I veins were formed during a 
period of oblique-sinistral strike-slip movement on the Roamane Fault Zone, while the 
stage II veins were formed during a period of oblique-dextral-normal slip on the Roamane 
Fault Zone. 
A study by Richards (1990a) and further documented by Richards (1990b), Richards et 
al. (1990, 1991a, 199lb, 1991c) and Richards and McDougall (1990) further described 
and analysed the stocks, the source of the stocks and used the K-Ar method to constrain 
the age of the intrusive complex and mineralisation to the latest Miocene. The K-Ar 
method constrained the age of the intrusives to 6 .0 ± 0.3 Ma and the age of the alteration 
and mineralisation to have occurred before 5.1 Ma A single sample of stage II roscoelite 
returned an age of 5.73 ± 0.13 Ma. 
The stocks and dykes at Porgera have been characterised as intraplate alkaline, sourced 
from an enriched garnet lherzolite source which underwent partial melting in response to 
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Middle Miocene collision (Richards 1990b, Richards et al. 1990). The whole-rock· 
Strontium (87Sr/86Sr - 0 .7035), Neodymium (~d = +6) and Lead (206Pbl204Pb - 18.66, 
207Pb!204Pb - 15.56, 208Pb!204Pb - 38.55) isotopes of the least fractionated intrusives at 
Porgera are consistent with derivation from a time-averaged depleted mantle source 
(Richards et al. 1990). Further work on the alteration at Porgera by Higashi and Taguchi 
(1991) described high temperature hydrothermal fluid flow associated with well 
crystallised 3T sericite and fluorite mineralisation in feldspar porphyry and gave a K-Ar 
age of 5.81±0.37 for this event which is consistent with the K-Ar dating of sericite and 
K-Ar dating of stage II roscoelite of Richards and McDougall (1990). 
The Strontium and Lead isotope compositions of minerals from early base-metal sulphide 
(stage I) veins and later fault-hosted quartz-roscoelite (stage II) veins are similar (87Srt86Sr 
- 0 .70745, 207Pbf1.04Pb - 15.603) indicating a similar source for stage I and stage II ore 
fluids. The Strontium and Lead in the ore-bearing fluids was derived from a mixture of 
igneous and sedimentary sources (Richards et al. 199la). The sedimentary source 
indicated is that of the Jurassic carbonaceous shale (Om Formation) which does not 
outcrop but is thought to occur at depth beneath the Porgera Intrusive Complex. 
Therefore the ore-bearing fluids have been derived from or have circulated to depths of 
several kilometres below the current surface. 
Studies by Richards (1992) and Richards and Kerrich (1993) have analysed stable isotope 
and fluid inclusion evidence from the alteration and mineralisation (Table 1.2). Richards 
and Kerrich (1993) consider phase separation (boiling) as the main mechanism for the 
destabilisation of gold complexes during stage II mineralisation. Similar mechanisms 
have been considered for many epithennal and fault-related deposits (e.g. Lihir (Moyle et 
al. 1990)), however stage II mineralisation at Porgera is unusual in that it has reswted in 
extremely high gold grades (locally thousands of grams per tonne) which are probably not 
a result of phase separation alone (C. Heinrich pers. comm.). 
Rock and Finlayson (1990) noted that many of the stocks at Porgera have cumulate 
textures and suggested that the Porgera intrusives have lamprophyric affinities and should 
be characterised as shoshonitic lamprophyres. Richards et al. ( 1990b) suggested that a 
lamprophyric origin was unfounded due to the high Na/K ratios and the high field 
strength (Ta and Nb) element abundance. Nevertheless the Porgera magmas are alkaline 
with a high volatile content and some of the stocks (notably the Rambari augite -
hornblende diorite in the surface mine) has a cumulate texture. 
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Determination of the magnetic properties of the Porgera stocks and dykes by Clark and 
Schmidt (1993) led to the conclusion that the Porgera Intrusive Complex had been tilted 
by approximately 60° south and rotated anti-clockwise since emplacement. These 
findings are supponed to some extent by magnetic modeling (Logan 1993) which 
determined that the high level intrusive stocks plunge towards the centre of the complex 
where a central unexposed stock is located. This central stock extends downwards for 
several kilometres (possibly into the basement) beneath the Papuan Fold Belt and plunges 
approximately 10° to the north (Logan 1993). Therefore, the magnetic modelling 
suggests that most of the 60° southward tilting is restricted to the near-surface intrusives. 
Table J.2 Geochemical characteristics of the bydrothennal fluids at Porgera after Richards and Kerrich 
(1993). 
Alteration/ Pressure/ NaCl 018030 51s0Hio%0 00%0 ODH20%0 034S%o 
Mineralis- Temp. eq.wt% 
ation 
Primary 6.0to 8.8 7.9 to 9.3 -76±4 -63 to -49 
Igneous 
Minerals 
Early P"'45MPa 6.9 to 12.3 -50 lO -29 1.4 to 4.5 
Propylitic 
T-450°C 
Alteration 
Stage I T-200.210°c -32 15.1to16.4 9.1to10.4 -70 to -52 -55 to -37 2.4to52 
Phyllic 
Alteration 
A-type T-325°C 9.5 13.8 to20.2 2.7 to 8.6 -58 to -50 2.4t0 5.4 I 
Veins 
Late 16.5±1.2 5 to 8 
Carbonate 
in A-type 
Stage n T-165°C 16.6 to 18.9 2.0to 5.4 -62 to -34 -14to-l.6 
D-type 
Veins 
1 ~)4SH,S%., 3 to 5 
The relative timing of polarity reversal and alteration, preserved in the intrusives, indicates 
tilting occurred before development of the Roamane Fault, and mineralisation at Porgera 
(see section 4.9). 
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2 DEFORMATION, PERMEABILITY AND FLUID FLOW 
This section reviews the deformation processes which influence fluid flow in the crust, 
and examines the feedback between deformation, permeability creation and permeability 
destruction processes, fluid pressure and fluid flow. This project is concerned primarily 
with magma-related hydrothermal fluid flow at depths of less than 5 km in the crust, 
however the following principles may also apply to deeper levels in the crust 
(mesothermal) or to fluid flow in sedimentary basins. 
Localisation of deformation creates zones of high permeability in the crust by controlling 
:fracture development Anisotropic permeability changes created during deformation 
influence fluid pressure and fluid flow. The distribution of fluid pressure within the crust 
may in tum influence the style of deformation, so resulting in a feedback mechanism 
between deformation, permeability and fluid pressure (fluid flow), (Sibson 1987, Chen 
and Nur 1992). Experimental studies of Zhang et al. (1994b) indicate permeability (k) is 
proportional to fluid pressure (Pf) during deformation. Areas undergoing deformation are 
subject to variations in permeability and fluid pressure which may cause destabilisation of 
solutions in the hydrothermal fluids, resulting in mineralisation. Therefore in 
hydrothermal settings, permeability is created (increased) during deformation and reduced 
during mineralisation (Sibson 1992). 
Darcy's Law is used to describe fluid flow through a permeable medium by assuming that 
the velocity (flux) of flow is proportional to the applied pressure <Pr) (Newtonian fluid 
response). A Darcy fluid flux (u) is a measure of the volumetric flow per unit area of 
rock (Turcotte and Schubert 1982). 
Oh 
u = -K-
ax (Turcotte and Schubert 1982) (2.1) 
Where: is the change in hydraulic head (h) with depth (x) and K is the hydraulic 
conductivity. 
The hydraulic conductivity (K) may be largely dependent on the permeability in the 
shallow crust and the hydraulic head is largely dependent on the fluid pressure (Pf). 
K = kpg 
µ (Turcotte and Schubert 1982) (2.2) 
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Where p is the density of the fluid, g is the acceleration due to gravity and µ is the fluid 
viscosity. 
h = pf 
pg 
(Turcotte and Schubert 1982) (2.3) 
Darcy's Law assumes a Newtonian fluid (where the velocity of the fluid is proportional to 
the pressure applied), the permeable fluid pathways are small compared to the matrix and 
the flow is laminar. For larger fault-fractures which are conducting a significant volume 
of fluid, turbulent fluid flow may occur. For fractures such as these, Darcy's Law may 
not accurately describe the fluid flux. If however, the fault-fractures are considered as a 
zone with a bulk permeability which may be greater than or less than the permeability 
outside the fracture zone, then Darcy's Law can be used to approximate the fluid flux by 
assuming flow through a penneable medium rather than flow in a single fracture. 
2 .1 Permeability 
Penneability is largely a function of the fracture density and fracture connectivity (f) in 
crustal rocks. For randomly distributed cracks, fracture density is a function of the 
independent variables, average fracture width ( w ), average fracture spacing ( I ) and 
average crack radius ( c). 
4n w3 c2 k=-f-_ -
15 13 
(Gueguen and Dienes 1989) (2.4) 
The bulk connectivity of fractures (f) exists for Osts:l (Gueguen and Dienes 1989). An 
f ~ 1 occurs when most of the cracks are joined which would result in a highly permeable 
network of fractures. If f ~ 0 then the cracks are not joined such that the rock may have a 
significant porosity, but the lack of connectivity will ensure the rock will not conduct fluid 
flow (low permeability). During deformation, a fracture length and fracture frequency 
threshold exists, above which the connectivity of the fractures increases and the 
permeability increases, until it reaches a maximum (Long and Witherspoon 1985, f = 1 of 
Gueguen and Dienes 1989) (Figure 2.1) (S. Cox pers. comm.). The opposite effect is 
caused by mineralisation which acts to seal fractures causing permeability to decrease. 
Experimental evidence suggests that permeability and porosity increase rapidly during 
fracturing after a critical strain is reached in deforming rock (Fischer and Paterson 1989, 
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Figure 2.1 Relationship between permeability and porosity in deforming materials. 
A During deformation the permeability increases rapidly for porosities between 0.04 - 0.06, above 
which the permeability (k) increases linearly (after Zhang et al. l 994a). 
B (After S. Cox pers. comm.). During deformation a threshold exists, above which, an increase in 
the connectivity (f) between the pore spaces (O<f<l), the size of fractures and density of fractures, 
causes an increase in the permeability which assists fluid flow (Long and Witherspoon 1985, 
Gueguen and Dienes 1989). Mineralisation acts to reduce permeability by sealing fluid pathways, 
thus reducing the connectivity between fractures. 
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Zhang et al. 1994a). This process is most effective at low effective confining pressl.ires 
(high fluid pressures). Experiments of isostatically pressed calcite aggregates show that 
permeability increases rapidly in the porosity range of 0.04 to 0.06, above which it 
increases less rapidly (Zhang et al. 1994a), (Figure 2.1, Figure 2.2). 
Permeability in an actively defomtlng region is dependent on the effective stress states and 
the strain, however the relationship between these variables is complex and is also 
affected by temperature, pre-existing weaknesses, anisotropy and lithology. The absolute 
value of permeability in the crust ranges from 10-9 m2 to 10·21 m2 and is one of the most 
variable and often ill-determined factors affecting crustal fluid flow. Permeability values 
of 10·10 m2 are common for heavily fractured rocks while permeability values of 10·21 m2 
or less are common for unfractured metamorphic rock or shale. Bulle permeability values 
for hydrothermal systems range from 10·11 m2 to 10-16 m2 and are largely fracture-density 
dependent (Lowell 1991, Lowell et al. 1993). Laboratory and in situ measurements of 
crustal rocks at depths of 2 to 3 km (similar to the depth of emplacement at Porgera) 
compiled by Brace (1980, 1984) suggest that a maximum estimate of 10-13 m2 for most 
crystalline rocks is reasonable (ranging down to approximately 10·18 J.?2) while for 
siltstone and mudstone permeability varies from 10-18 m2 to 10-20 m2• 
2 .1.1 ~eralisation 
Mineralisation in fractures during hydrothermal fluid movement will cause reduction of 
permeability. A change in the fluid temperature, pressure, activity of oxygen/hydrogen 
and degrees of mixing with other fluids and wall rock (Cox et al. 1991, 1996, Cox 1995) 
changes the solubility or stability of chemical complexes resulting in mineralisation. 
It is suggested by Lowell et al. (1993) that thermal pulses in hydrothermal systems create 
thermoelastic stresses which can reduce fracture permeability by thermal expansion at a 
rate faster than mineral precipitation (for narrow parallel fractures). Equally, an increase 
in the effective stress may close a fracture and decrease the permeability. In brecciated 
fault fractures and cataclasites however, the pore space and permeability is determined by 
the size and distribution of the breccia fragments rather than by the width of the fracture. 
In this case the fracture may not be effectively sealed by thermal expansion or changes in 
the effective stress, and permeability is most effectively reduced by mineralisation. 
Figure 2.2 Relationship between stress, porosity and strain (simplified after Fischer and Paterson 1989) 
and relationship between permeability and strain (simplified after Zhang et al. 1994b) at a variety of 
temperatures and effective confining pressures. 
A As strain -increases, the stress increases rapidly until the rock yields at a critical point. The change in 
stress with strain above the critica1 point is then a function of rock type, fluid pressure and temperature. 
B In the same rock, porosity initially decreases due to compression of the rock but then increases due to 
the growth of microcracks. Increases in the porosity above a critical point will produce some 
permeability when the cracks become connected. This process is particularly effective at low effective 
confining pressure (due to the presence of high fluid pressure). 
C Penneability is greatly enhanced when the critical point is reached which allows the migration of fluid 
through the fracture pathways. Permeability remains high during strain provided mineralisation does aot 
seal the fractures. 
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2. 2 Relationship Between Effective Stress, Permeability and Fluid 
Flow 
Two main mechanisms of fracturing in the crust are important in controlling 
hydrothermal fluid flow. 
I. Macroscopic extension fracturing. 
2. Fault-related fracturing and cataclasis. 
These two mechanisms of deformation create zones of high permeability which are able to 
focus fluids and provide a site for mineralisation. The processes of extension fracturing 
and faulting are largely controlled by the effective stress state and strain in the crust. 
2.2.1 Macroscopic Extension Fracturing 
Extension fracturing will occur when: 
(2.5) 
Where T 0 is the tensile strength of the rock. An increase in the fluid pressure or a 
decrease in the minimum principal stress will result in extension fracturing. Extension 
fracturing occurs only when the stress difference ( 0'1 - 0'3) is low ( < 30 to 40 MPa). 
When these conditions are met, extension fracturing will occur parallel to the 0'1 - 0'2 
plane (Figure 2.3A) which will enhance the porosity of the rock. When single fractures 
grow or become connected, the permeability will be enhanced, allowing the rock to 
conduct fluid flow. 
2.2.2 Fault-Related Fracturing and Cataclasis 
In actively deforming regions, permeability may be enhanced significantly by fracture and 
cataclasis created during fault slip. Creation of permeability during fault slip in the 
shallow crust occurs episodically with long periods of no slip punctuated by rapid-slip 
events during earthquakes (Sibson 1987, Cox 1995, Cox et al. 1996, Hickman et al. 
1995, Robert et al. 1995). Fault-slip creates highly permeable regions of low fluid 
pressure which cause fluids to be focussed towards the fault. 
Direct observations of the association between fluids and faults include outpourings of 
fluid from fault zones after some seismic events (Rojstaczer et al. 1995) and the presence 
Figure 2.3A Failure due to an increase in fluid pressure <Pr) for. 
a An extension fracture where the effective minimum principal stress ( o3') exceeds T 0 • 
b A fault where the shear stresS (t) exceeds the frictional shear strength of the rock (after Cox et al. 1987) . 
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Figure 2.3B Failure on (dry) normal and thrust faults. The vertical principal stress (av) direction is assumed equal 
10 the lithostatic load and remains constant. Therefore in the case of the normal fault the maximum principal stress 
(a1) direction remains constant and for the case of the thrust fault the minimum principal stress (03) direction 
remains constant. During loading to failure on the normal fault a3 decreases, 0 0 decreases and shear stress ('t) 
increases. During loading to failure on a thrust fault o 1 increases, On increases and t increases (after Sibson 1991 ). 
Load strengthening occurs when the change in effective normal stress with respect to the shear stress is positive and 
load weakening occurs when this parameter is negative (Sibson 1993). The effective nonnal stress during loading 
and failure of a fault zone depends on the physical properties of the fault and fluid, however a normal fault is load 
weakening unless the fluid pressure is dropping rapidly (Sibson 1993). 
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of hydrothermal vein deposits associated with faults (Cox et al. 1991, 1996, Cox 1995, 
Sibson 1994, Robert et al. 1995). The mineralisation in many of these hydrothermal 
veins contains alternating compositional bands suggestive of a repetitive cycling of 
mineralising conditions (Sibson et al. 1975, Sibson 1987), created by episodic fault-slip. 
Shear failure on a fault in the upper crust is intimately related to the fluid pressure 
(effective stress) and the shear stress, and can be described by the Coulomb criterion. 
(2.6) 
Where 't is the shear stress, C0 is the cohesive strength of the rock, µ is the coefficient of 
friction (0.5 < µ < 1.0, Jaeger and Cook 1969, Junrikis 1983), O'n is the normal stress 
and Pf is the fluid pressure. Fault movement occurs when the stress difference (0'1 - cr3) 
is high (> 30 to 40 MPa) (Figure 2.3B). In many cases crustal rocks will fail due to an 
increase in the fluid pressure resulting in µ(an-Pf)~ 0 which allows the shear stress ('t) 
to exceed the shear strength of the rock. Therefore, permeability enhancement by 
fracturing and cataclasis during fault movement may be influenced by increases in fluid 
pressure in crustal rocks. In tum, an increase in permeability during fault movement has 
the ability to focus fluid from an area around the fault. 
2. 3 Permeability Changes and Fluid Flow Created by Fault Movement 
Fluids in many near-surface hydrothermal environments such as Porgera may be 
substantially affected by fault-slip. During fault movement, substantial local enhancement 
of permeability by fracturing and cataclasis may focus fluid flow towards the base of a 
fault system (charge zone) and defocus fluid flow towards the top of a fault system 
(discharge zone), (Phillips 1991). 
Bends or steps in faults create zones of dilation (dilational jogs) and compression 
(compressional jogs) which may perturb fault movement and influence fluid flow. 
Compressional jogs may arrest the fault movement by the action of one block moving 
against another. Microcracking and microfaulting may occur in a zone of distributed 
crushing around such a site (Sibson 1986). Fault rupture may also be arrested by a 
sudden reduction in fluid pressure in the space provided by an active dilational jog. 
Because of the opening of new space (increasing volume which becomes highly 
permeable) by the action of the fault in a dilationaljog, they are important sites for 
hydrothermal mineralisation and may focus fluids from within the fault zone and wall-
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rock. As fluids migrate into dilational sites, wall rock implosion (implosion brecciation) 
may result from the large change in fluid pressure between the jog and the wall-rock and 
the fault rupture may be arrested (Sibson 1986, 1987). In some situations (particularly in 
shallow crustal fault zones) the fluid pressure in dilational jogs may periodically fall 
below hydrostatic dqring fault-slip. Jogs such as these may act as suction pumps during 
fault slip (Sibson 1992) (Figure 2.4) . Rupture arrest in compressional and dilational jogs 
may be followed by periods of slip (aftershock) on the main fault as fluid pressures re-
equilibrate (Sibson 1985). 
The processes described above form the basis of fault-valve models and suction-pump 
models. Such cycles may relate to deep mesothermal systems (fault-valve models) and 
shallow hydrothermal (epithermal) systems (suction-pump models), (Sibson 1992) 
(Figure 2.4). 
A fault-valve cycle in a mesothermal environment occurs when increases in shear stress 
and fluid pressure (perhaps to near lithostatic fluid pressures) cause the rock to fail 
according to the Coulomb criterion (equation 2.6). When faulting occurs, a zone of high 
permeability is created such that fluid will be focused into the fault. If mineralisation 
occurs during fluid circulation, fractures may seal resulting in a decrease in penneability 
and an increase in fluid pressure until the fault fails again and the cycle repeats (Sibson et 
al. 1975, Sibson 1990, Parry and Bruhn 1990, Cox et al. 1991, Cox 1995 and Byerlee 
1993, 1994). In this way episodic fault-slip has the ability to influence fluid movement. 
In the shallow crustal (epithermal) environment, fluid pressures may not increase 
significantly before fault failure. If shear stress increases such that the fault fails, the 
increase in permeability and decrease in fluid pressure within the fault will focus fluids in 
a similar way as in the mesothermal environment. The fault (and particularly dilational 
sites such as jogs) in the near surface hydrothermal environment may experience rapid 
reductions in fluid pressure (below background levels) during fault slip which may result 
in sub-hydrostatic fluid pressures locally around the jog (Sibson 1992) (Figure 2.4). 
2. 4 Dilatancy During Fault Loading 
During fault loading (increasing shear stress and fluid pressure) to failure, fluid flow may 
be perturbed by small-scale (grain-scale to centimetre-scale) changes in permeability and 
porosity. Dilational strain may occur as a result of changes in the shear stress ('t), 
changes in the mean stress ( o) or changes in the fluid pressure <Pr) (Sibson 1994). 
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Figure 2.4 Episodic changes in displacement, shear stress, permeability and fluid pressure associated 
with an active fault or shear zone (after Sibson 1992, Cox 1995). During fault displacement (EQ), 
sudden relief of shear stress and increase in permeability can have differing effects in a deep 
(mesothermal) environment and a shallow (epithermal) environment. A fault-valve mechanism in the 
mesothermal environment is created when rising fluid pressure and shear stress enhance permeability 
during fault-slip. The fault is then sealed by mineralisation allowing the fluid pressure to increase and 
the cycle to repeat. In the epithermal environment, rising shear stress may result in fault-slip and an 
increase in permeability. A decrease in fluid pressure within the fault allows active suction-pumping 
of the fluid into dilational sites immediately post-rupture (Sibson 1992). 
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1. Dilatancy due to variations in shear stress may be as a result of: A. Microcrack 
dilatancy, where axial cracks open at grain boundaries due to frictional sliding at grain 
boundaries. This process has a greater dilational effect at higher levels of stress. B. 
Sand dilatancy, where grains rotate causing dilation. This effect is greatest at low levels 
of stress. C. Joint dilatancy, where joints or dilations may fonn adjacent to shear planes 
which has a unifonn stress sensitivity and so is intennediate between microcrack dilatancy 
and sand dilatancy (Nur 1975). 
During fault loading and as a fault begins pre-seismic creep the distribution of shear stress 
may vary with time, resulting in varying degrees of dilatancy on a pre-seismic fault with 
time (Nur 1975). Sibson (1994) considers it unlikely that high stress microcrack 
dilatancy is widespread in the upper crust. Sand dilatancy, on the other hand may 
develop in any granular aggregate within or near a brittle fault zone (Sibson 1994). Pre-
seismic sandpile dilation may occur in the Roamane Fault Zone at Porgera resulting in 
minor amounts of fluid movement near the fault zone during fault loading. 
2. During fault loading, changes in the shear stress ('t) and normal stress (0'0 ) affect the 
level of mean stress (a). Dilatancy due to decreasing mean stress during fault loading 
changes the microcrack geometry and connectivity and alters the fracture permeability 
(poroelastic effect). 
During loading of a nonnal fault (dry) the normal stress (0'0 ) decreases and during loading 
of a thrust fault (dry) the nonnal stress increases (Figure 2.38). Therefore, considering 
only the changes in shear stress and normal stress for a normal fault, fluid would be 
drawn towards the area around the fault in the pre-seismic period and expelled from the 
area around the fault post-failure. For a thrust fault the fluid movement before and after 
failure would be reversed. In the case of strike-slip faults, the effect would be 
intermediate. Fluid movement is likely to be greatest where the effective mean stress cr' 
~ 0 such that the ratio of A.a la' during fault loading is large (Sibson 1994). 
3. Dilatancy due to fault-related extension fracture occurs in the same way as extension 
fracturing which may be unrelated to faulting (see section 2.2.1). Extension fracturing 
results in large and rapid increases in permeability which may focus fluid flow. 
On a single fault, several pre-seismic dilatancy mechanisms may operate during loading. 
For a normal fault, dilatancy during loading is favoured by increasing shear stress and 
decreasing mean stress. For a thrust fault, the increase in shear stress is opposed by an 
increase in the mean stress (Figure 2.3B). Therefore pre-seismic dilation during fault 
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loading may be more pronounced in an extensional environment, although the shear stress 
increase required to activate a thrust fault is much greater than that required to activate a 
normal fault (Sibson 1994 ). Dilatancy via any of these pre-seismic mechanisms will 
create areas of high permeability which have the potential to conduct fluids. Movement of 
fluid into environments of different pressure or temperature, interaction of fluids with 
wall-rock or mixing of fluids (Cox et al. 1991, 1996) may result in mineralisation. 
Direct field evidence for the influence of pre-seismic dilation is lacking. Dilatancy effects 
during fault loading may be restricted to an area near the fault zone (Sibson 1994). Many 
factors may contribute to the spatial extent of pre-seismic dilation. In a shallow crustal 
environment (at 3 km depth) such as at Porgera the change in shear stress and mean stress 
during fault loading may not be significant enough to generate a large dilation outside the 
immediate fault zone. Fluid pressures close to lithostatic may be required to generate a 
significant pre-seismic dilation effect at 3 km depth, which may enhance the opportunity 
for pre-seismic dilatancy due to extension fracture. 
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3 GEOLOGICAL HISTORY AND TECTONIC EVOLUTION OF 
PAPUA NEW GUINEA 
Previous summaries of the geology and tectonic history of the New Guinea Orogen have 
been published by numerous authors. Dow (1977), Davies (1978), Brown et al. (1980), 
Smith (1990) and Davies (1990) present the most comprehensive accounts. The 
geological history of the Porgera region has been discussed briefly by Richards ( 1990b) 
and Richards and McDougall (1990). This summary of the geological history of Papua 
New Guinea places the timing and evolution of the Porgera area in a regional context and 
aims to illustrate some of the tectonic influences on magmatism and mineralisation. 
Figure 3.1 shows the tectonic setting of Papua New Guinea at Present, Figure 3.2 
indicates the timing of the various sedimentary, magmatic and tectonic events which have 
occurred in Papua New Guinea since the Permian and Figure 3.3 schematically illustrates 
the major episodes in the tectonic evolution of the Papua New Guinea region. 
3. 1 Mesozoic Rifting and Sedimentation 
Back arc rifting at the present northern edge of the Austr3lian continent started in the latest 
Permian (Davies 1978). Further rifting and break-up continued in the Middle Triassic. 
Subsidence at the edges of the rift and open marine sedimentation began in the Early 
Jurassic (approximately 185 Ma) and was associated with deposition of thick sequences 
of mudstone, siltstone and well sorted sandstone (Brown et al. 1980, Pigram and 
Panggabean 1984, Home et al. 1990, Davies 1990). 
During the Early Cretaceous volcanolithic sediment was deposited on the subsiding 
Australian margin from an island arc to the north. This island arc was located above a 
southerly dipping subduction zone which was consuming the Pacific Plate (Smith 1990). 
Sediment exchange between the volcanic arc (volcanolithic sediment) and the continental 
margin (craton derived sediments) occurred at this time (Dow 1977, Brown et al. 1980). 
In the late-Early Cretaceous a shelf edge was created by a further episode of extension 
and subsidence, allowing deposition of sediments in a shallow marine environment. 
Extension at this time may have been a result of back arc spreading associated with the 
southerly subduction of the Pacific Plate (Hill et al. 1990, Smith 1990). 
In the Porgera region the first sediments deposited were Middle Jurassic Om Formation 
which consist of fine grained interbedded micaceous sandstone, siltstone and mudstone 
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Figure 3.1 Plate tectonic setting of Papua New Guinea. The Porgera Intrusive Complex is located 
approximately 25 km south of the Lagaip Fault Zone. The Australian craton is believed to extend 
beneath the Papuan Fold Belt as far north as the Lagaip Fault Zone. North of the Lagaip Fault Zone 
the crust consists of obducted oceanic crust and accreted island arc terranes. 
Modified after Cooper and Taylor (1987). 
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Figure 3.2 Geological history of the Porgera region within the NeW Guinea Orogen. 
300 .,.... ___ ,,_, 
PERMIAN 
TRIASSIC I 
100 I 80 
-
60 e EARLY LATE 
ffi 
EARLY 
MlD 
40 ~ LATE 
ffi EARLY 
30 ~ LATE 
20 EARLY 
15 
UI MID 
10 
z ~ 
8 
LATE 
.._ ____ _._ 
I 2 3 
1 Subsidence and Sedimentation 
2 Deformation I Uplift 
3 Intrusion and Volcanism 
1-- Baclc arc rifting begins L Development of transfer faults r- Further rifting and breakup J (including Porgera tr&n5fer structure). 
1-- Beginning of open marine sedimentation. 
Deposition of mudstone siltstone and well sorted sandstones (185 Ma). 
I Deposition of up to 3000 m of Om Formation. I (Fine grained inter}>edded sandstone, siltstone and mudstone). 
Dep0&ition of volcanolithic sediments in slowly subsiding margin. Sediment source from island arc to 
the north (southerly dipping subduction) and also from the continental margm. Start of the deposition 
of 3000 m of the Ieru Formation (til Late Cretaceous) 
Further sea floor spreading and the formation of a new shelf edge 
Deposition of up to 3300 m of Craton derived OUm Formation which consilits of shallow marine 
sediments fossil daled as Turonian - Maa.strichtian (65-90 Ma) with few exceptions. 
Convergence of crustal fragment or seainount during southward subduction of Pacific Plate beneath the 
Australian craton resulting in blocldng of the arc and Cl!6&ation of subduction. 
Deposition of the Dara.i Limestone which coven most of the platform region (approximately 2000 rn thick). 
Widespread intell6e calc-alkalic volcanic activity. Cale-Alkaline volcanism and porphyry Cu-Au 
r. 
mineralisation in the highlands i5 probably due to the southward subduction of the Solomon Sea Plate 
beneath the Awtralian craton. 
IL. Double aubduction of the Solomon Sea Plate and emplacement of the Sepik and Owen Stanley obduction I complexes. Formation of Lagaip Paull :lone (LFZ) at suture between the island arc and Australian craton. 
f-Collision of a northern island arc province with the orogen. The Solomon Sea Plate i5 forced beneath the contact (Ramu Marlcham Fault Zone) and folding and thrusting occurred in the foreland (Pap!UI\ Fold Belt). Uplift of the Papuan Fold Belt to form the highlands. 
Alkaline intrusive stocks emplaoed at Porgera and Mt Kare (6.0 Ma). 11v:se intrusive stocks are 
~ geochemi.cally unrelated to calc-alkaline volcanism north of the LFZ. Emplacement of the intrusives may have been lnfluenced by basement transfer faults which initially formed during extension in the Permian and Triassic and were later reactivated during compression. Stage J and stage n mineraliliation at Porgera during hydrothermal fluid flow around the cooling 
Porgel'll Intrusive Complex. 
~ Start of spreading in the Woodlark and Bilimar.k back-arc environments. 
Cale-alkaline, shoshonitic and K-rich alkaline volcanilim in central highlands during uplift and 
crustal thickening. Magmatiam may have occurred in an extensional tectonic environment. 
Magma enriched in LILE and LREE due to partial melt of subducted slab . 
Rll!:ent· Minor resudual uplift, thrusting. folding and crustal thicla!ning continues. Earthquakes along a 
WNW·ESE trending zone are coincident with the LFZ and RMFZ and Papuan Fold Belt. Most earthquake 
fault plaru! solutions suggest thrust fault movements. Some normal movement iii also appaient. Since the 
Mid-Late Eocene there has been approx IOOlcm of shortening across the PNG orogen. 
Fi8ure J.3 Schematic cros.s-seaions iJlw;trating the major epiwdes oftecionic activity, 
magmatism and sedimentation at the northern margin of the Australian craion 
(modified afler Smith 1990). 
Me'8nesianArc 
~=~l!!ll!l!!'l!l!l~m.W~..;;'.";,._r_n_"T_n~ _ _ -f_:;:::_:_-::':;:; 
... - -- ~- / 
~ Ram<tMa-m 
Zano f .... Zano -Arc 
~-...lllocl<) 
3 Geological History and Tectonic Evolution Page30 
deposited at the continental shelf edge. In the late-Early Cretaceous the Ieru Formation 
was deposited in a marginal marine environment. The Ieru Fonnation is a carbonaceous 
shale-sandstone unit which contains some glauconitic sandstone and volcanic clasts. In 
the Late Cretaceous the Chim Formation was deposited (probably conformably) on the 
leru Formation. The Chim Formation consists of carbonaceous fine-grained shallow 
marine sediment. The presence of glauconitic sandstone in the carbonaceous shale (Chim 
formation) at the Porgera mine (near 40 Level adit entrance) indicates a shallow marine 
environment in the presence of sulphate reducing bacteria during the deposition of the 
Chim formation sediments. The carbonaceous shale (Chim formation) is greater than 
3000 m thick in the Porgera valley (Davies 1983. 1990). The entire Jurassic to 
Cretaceous sequence was probably derived from the Australian craton and has no 
volcanic component. 
The Chim Formation has been fossil dated as Turonian to Maastrichtian (late-Late 
Cretaceous) with the exception of one Cenomanian to Turonian outcrop (early-Late 
Cretaceous) (Hill 1991). Carbonaceous shale from the Porgera mine has been dated as 
Maastrichtian (75 Ma) by nannofossil assemblages (see section 4.1). 
Rapid spreading at the southern margin of the Australian craton in the Palaeocene 
accelerated subduction at the northern convergent margin (Smith 1990). The Pacific Plate 
was subducted southward beneath the newly created Solomon Sea Plate and southward 
subduction of the Solomon Sea Plate beneath Papua New Guinea occurred at this time. 
Erosion and regional uplift took place at the end of the Palaeocene as a result of thermal 
uplift and sea floor spreading in the Coral Sea. Erosion was most severe in the Gulf of 
.Papua where Palaeozoic basement is preserved (Smith 1990). 
By the Early Eocene, the southerly directed subduction of the Solomon Sea Plate ceased, 
probably as a result of blocking by accreted crust (Figure 3.3). This may have resulted in 
acceleration of Pacific Plate subduction further north and more rapid spreading of the 
Solomon Sea Plate. Sedimentation was restricted at this stage due to the convergence of 
the island arc (Smith 1990). Neither the Palaeocene or Eocene sediments are evident in 
the Porgera area. 
Northern Australia began to subside again in the Early Oligocene to Middle Miocene 
which allowed deposition of the Darai Limestone. Some reactivation of Mesozoic normal 
faults also occurred at this time (Smith 1990, Hill 1990, 1991). Subduction reversal 
occurred at the northern island arc in the Early Miocene, resulting in northerly dipping 
subduction of the Solomon Sea Plate and cessation of spreading of the Solomon Sea 
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Plate. This reversal coincides with the convergence of the Ontong Java Plateau which 
resulted in cessation of subduction beneath the Tabar-Lihir-Tanga-Feni island arc (Smith 
1990). 
3. 2 Middle Miocene Convergence 
In the Middle Miocene, the Solomon Sea Plate adjacent to the northern edge of the 
Australian craton at Papua New Guinea delaminated causing ophiolite obduction 
southwards over the Australian craton and subsidence of lower oceanic lithosphere 
beneath the continent. This resulted in the formation of the northward dipping Lagaip 
Fault Zone where the accreted terrane contacts with the craton. Defonnation at the margin 
at this time was restricted to those sediments immediately adjacent to the Lagaip Fault 
Zone. The abducted ophiolites are now preserved as the Sepik and Owen Stanley 
obduction complexes (Smith 1990). This convergence set up the double subduction of 
the Solomon Sea Plate by renewing subduction at a slow rate on the southern plate 
margin. 
3. 3 Miocene Sedimentation and Volcanism 
In the Central Orogenic Belt, north of the Lagaip Fault Zone, widespread and intense 
calc-alkaline volcanic activity occurred in response to subduction of the southern margin 
of the Solomon Sea Plate in the Middle to Late Miocene. Middle to Late Miocene detrital 
sediment and limestone was deposited on the continental margin in a back arc 
environment (Davies 1983). Porphyry Cu-Au mineralisation at Frieda and Y anderra is 
associated with the calc-alkaline volcanism of Middle-Late Miocene age (Fleming et al. 
1986, Solomon 1990). 
3. 4 Late Miocene to Pliocene Convergence, Deformation, Volcanism 
and Uplift 
At approximately 10 Ma, convergence of the northern island arc province (now preserved 
as the Adelbert - Finisterre Block) resulted in collision and accretion of the arc to the 
craton (Smith 1990). The contact margin is now marked by the northward dipping 
Ramu-Markham Fault Zone. The Solomon Sea Plate became consumed beneath the 
contact and presently exists approximately 100 km beneath the convergence zone (Ripper 
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and McCue 1983). Foreland NE-SW thrusting and folding in the Central Orogenic ·Belt 
and the Papuan Fold Belt occurred as a result of the collision. The deformation front 
extended quickly southwards to form folds and thrusts in the Papuan fold belt (Jenkins 
1974, Ripper and McCue 1983, Cooper and Taylor 1987). Folding and thrusting was 
aided by the reactivation of pre-existing shear zones which originally formed during 
extension and which were reactivated as major thrust faults which are associated with 
large basement-cored anticlines (Hill 1989, 1990, 1991, Mason in prep.). Northward 
movement of the Australian Plate was slowed by this collision event. Collision also 
resulted in sinistral strike-slip movement on the Lagaip Fault Zone and associated parallel 
faults (Smith 1990). 
Mafic, alkaline stocks at Porgera and Mt. Kare (18 km SW of Porgera) have been dated at 
6.0 ± 0.3 Ma by K·Ar (latest Miocene) (Richards 1990b, Richards and McDougall 1990, 
Richards and Ledlie 1993). Similar ages were returned by U-Pb (SHRIMP) dating of 
zircon from the intrusions at Porgera (see section 4.2). The intrusions appear to be 
geochemically unrelated to Late Miocene calc-alkaline volcanism, (Richards l 990b, 
Richards and Kerri.ch 1993). Emplacement of the Porgera Intrusive Complex coincides 
with convergence of the island arc from the north and double subduction (to the NE and 
SW) of the Solomon Sea Plate. 
Deformation close to the Porgera Intrusive Complex may be influenced by the relative 
competencies of the Om and Chim Formations. In the tectonic reconstructions of Jenkins 
(1974) and Hill (1991) a detachment between the Om/leru and Chim Formations (above 
the Early Cretaceous) is interpreted to have aided in the thin skinned deformation of the 
Late Cretaceous units. The Chim Formation has a low competency and exhibits folding 
with a smaller wavelength to other units in the area (parasitic fold wavelengths of 2 to 10 
m). A similar style of deformation has been observed in other parts of the Papuan Fold 
Belt. In the Kagua area (south-west Kubor Anticline) the Chim Formation is complexly 
deformed below competent Eocene limestone and above a basal sandstone unit (Hill 
1990). 
Up to 100 km of shortening due to thrusting has occurred in the Central Orogenic Belt to 
the present (Hobson 1986, Hill 1991) and at present convergence between the Pacific 
Plate and Australian Plate is estimated to be 100 to 120 mm yr·1 on an azimuth of 070° 
(Davies 1990, Smith 1990). Earthquake depths between 1971and1981, up to 80 
kilometres below the surface occur along a WNW-ESE-trending zone coincident with the 
Lagaip Fault Zone, Ramu - Markham Fault Zone and Papuan Fold Belt. The fault plane 
solutions for the recent earthquakes suggest thrust fault movements in response to NNE-
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SSW compression and double subduction of the Solomon Sea Plate. Some faults 
however, have been intexpreted as having dip-slip normal movements (Ripper and McCue 
1983). The observation from the Papuan Fold belt is that Late Miocene and Pliocene 
intrusions ovexprint the folding and thrusting which suggests that the bulk of the 
deformation due to convergence in the Papuan Fold Belt was complete before the Late 
Miocene and was largely complete before 6.0 Ma at Porgera. Further north, evidence 
from the accreted Adelbert - Finisterre arc suggests that deformation and rapid uplift was 
most intense for several million years after the start of collision although some 
deformation is still occurring at the present (Abbot et al. 1994) and some residual uplift 
occurs to the present (Jaques and Robinson 1977, Ripper and McCue 1983, Hill and 
Gleadow 1989). Therefore, the Porgera area was probably uplifted before, during and 
after intrusion and mineralisation. For the life of the intrusive hydrothermal system 
during mineralisation (approximately 0.3 million years). the Porgera area may have been 
uplifted by several hundred metres. Apatite fission track ages suggest erosion of the 
Papuan Fold Belt to near the present level was largely complete by 4.0 Ma (Hill and 
Gleadow 1989, Hill and Gleadow 1990), (Figure 3.4). 
3.4.1 Crustal Rotation Induced by Late Miocene- Pliocene Convergence 
Palaeomagnetic vectors can be used to determine the original orientation of rock units if 
they have changed orientation since acquisition of the magnetic remanence. 
Palaeomagnetic results from the Papuan Fold Belt (Figure 3.5) suggest large crustal 
rotations have occurred in the Palaeocene to Late Miocene (Klootwijk et al. 1993). These 
rotations would have been complete before emplacement of the Porgera Intrusive 
Complex (at 6.0 Ma). 
The analysis of the Papuan Fold Belt by Titley and Heidrick (1978) concluded that the 
maximum principal stress (<11) direction undeiwent an apparent rotation of approximately 
45° clockwise since the Middle Miocene. In their analysis the stress directions were 
inferred from orientations of dykes and movement directions on faults from areas such as 
the Y anderra and Frieda River potphyry copper deposits. In view of the timing of 
rotation inferred from palaeomagnetic measurements in the Papuan Fold Belt, it is 
probable that the apparent rotation of the stress field is a result of bulk crustal rotation. 
Differential rotation about vertical axes has occurred during formation of the Alice 
Anticline, near the Ok Tedi potphyry Cu± Au deposit in the western part of the highlands 
of Papua New Guinea (Mason in prep.). The Alice Anticline formed by inversion (re-
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Figure 3.4 Sample location and results of apatite fission track (cooling) ages, which record the time when the sample cooled below 100 - 120° C (after Hill and Gledow 1989, 1990). 
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Figure 3.5 Crusta1 rotations in the Papuan Fold Belt, determined from palaeomagnetic measurements. 
Numbers 1 to 8 indicate the location of palaeomagnetic measurements. Rotations at Location 5, after 
Clark and Schmidt (1993) and Clark et al. (1995). All other rotations after Klootwijk et al. (1993). 
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activation) or originally extensional faults which resulted in shortening of approximately 5 
to 25%. Shortening was less pronounced above the NE-trending transfer zones which 
formed during the original extensional episode in the Mesozoic (Hill 1989). Greater 
degrees of shortening occurred between the transfer structures, resulting in differential 
rotation of the folding about vertical axes (Mason in prep.). 
Therefore, tectonic rotations about vertical axes may be associated with differential 
shortening in the Papuan Fold Belt in the Late Miocene. At Porgera, all shortening 
occurred-before and during e~placement of the intrusive complex at 6.0 Ma. 
3. 5 Tectonic Influence on Magmatism 
The timing of emplacement of alkaline, oxidised, volatile-rich igneous rocks of the 
Porgera Intrusive Complex may be related to the process of collision in the Miocene -
Pliocene of Papua New Guinea (Richards et al. 1991). 
The Porgera Intrusive Complex is not obviously associated with a subduction complex 
and shows some characteristics of intraplate and island arc magmas (which are usually 
not contaminated with continental crustal material) and some characteristics of island arc 
magmas (which may be contaminated with continental crustal material). lntraplate 
magmatic characteristics of the Porgera Intrusive Complex (Richards 1990, Richards et 
al. 1990, Richards and Kerrich 1993): 
• 
87Sr/86Sr of 0.7035 trending towards minor crustal contamination. 
• ~d of +6. 
• Depletion ofY and HREE (enriched garnet lherzolite source). 
• High Nb. 
Island arc magmatic characteristics of the Porgera Intrusive Complex: 
• High Al20 3, H20, Ba and volatiles. 
• Oxidised magma (high Fe3•/Fe2•). 
• Low HFSE Ti, Ta (but Nb is high). 
Richards et al. (1990) suggest Porgera magmas were derived from an asthenospheric 
source which was modified (metasomatised) by deep subduction to produce the alkaline 
magmas. Melting of a subducting slab may be required to significantly metasomatise the 
mantle during partial melting. The conditions necessary for subducting slab to melt have 
been numerically determined by Peacock et al. (1994). In the absence of extreme rates of 
subduction, a subducting oceanic slab will melt only when subduction rates are slow ( < 3 
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cm/yr), subduction has stopped, or if the subducting crust is young and/or hot due to a 
perturbed geothermal gradient. Arc reversal (Solomon 1990) may occur when 
subduction is stopped in one direction and resumed with an opposite sense. 
If a mantle partial melt at a slowed or blocked subduction zone experiences significant 
hybridisation due to melting of the subducting slab, an alkaline, oxidised, hydrous melt 
may be generated (Peacock et al. 1994), e.g. the Tabar-Lihir-Tanga-Feni island arc 
(Mcinnes and Cameron 1994). Therefore, the tectonic processes of blocking of 
subduction may be related to generation of melts with characteristics similar to those at 
Porgera. These magmas may in tum, be intimately associated with the formation of 
porphyry-related Au± Cu deposits, e.g. Ladolam on Lihir (Moyle et al. 1990, Mclnnes 
and Cameron 1994) or the Porgera gold deposit. 
The oxygen activity (/02) of a melt generated in the method described above (and often 
associated with Au± Cu deposits) is generally higher than the FMQ buffer. A magma 
with an oxygen activity greater than FMQ+ 1 log unit significantly raises the sulphur 
solubility of the melt (Carroll and Rutherford 1985), (Figure 3.6) which improves the 
ability of a hydrothermal fluid to efficiently extract Au, Cu and other chalcophile elements 
from the magma during magmatic volatile exsolution. An oxidised magma will favour the 
crystallisation of magnetite, haematite and sulphate rather than sulphides thereby holding 
chalcophile elements (including Cu and Au) in the melt for later incorporation into the 
exsolving volatile rich fluid phase (Wybom 1994). Generally, the more alkaline a magma 
is, the higher is the oxidation state. The correlation between the alkali content of a magma 
and the oxidation state is illustrated in Figure 3. 7. 
In the absence of a strongly oxidising magma which may suppress the crystallisation of 
sulphide, partitioning of Au± Cu into an exsolving magmatic volatile phase may occur 
when a hot, wet magma is emplaced a high crustal levels (Candela 1995). Convergent 
plate margins provide an environment where a magma may intrude areas with a high 
geothermal gradient (Braun 1995), (Figure 3.8). A high temperature, low pressure 
regime is experienced by magmas at convergent plate margins, which provides a more 
suitable environment for partitioning of chalcophile elements into the exsolving volatile 
phase. Such an environment existed in Papua New Guinea in the post-collisional period. 
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Figure 3.6 Experimentally detennined sulphur solubility as a function of oxidation state, 
after Carroll and Rutherford (1985). At approximately FMQ+2 (fayalite, magnetite, 
quartz), reduced sulphur (S2·) becomes unstable and reverts to S042-. A magma with an 
oxidation state greater than FMQ+2 will supresses the formation of sulphide (particularly 
pyrrhotite) during crystallisation. Crystallisation of sulphide results in Cu (and Au ?) 
being incorporated into the solid phase as these elements have a high partition coefficient 
for pyrrhotite (Wybom 1994). An oxidised magma will keep the Cu (and Au?) in the 
melt until magmatic volatile exsolution, where they may be incorporated into a volatile 
phase and hydrothermal system. 
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Figure 3. 7 Average volcanic rock analyses after plot by Carmichael and Nicholls ( 1967) showing 
the relationship between the Fe3+/(Fe3++Fe2+) and alkali contents. Also plotted above are the fields 
for the stocks of the Porgera Intrusive Complex (n = 75) from analyses by Richards ( 1990a) and the 
intrusives and volcanics from the Tabar-Lihir· Tanga-Feni island arc (n = 116) after Wallace et al. 
(1983). The general trend shown is that of incresing Fe3+/(Fe3++Fe2+) (oxidation state) with 
increasing a1kaJi content. 
Australian Craton 
20km 
........ 
---~oho_ 
Accreted Arc Terranes 
PNG 
... o111111---Highlands,---1..,• 
Region 
..... ..._. _ __. 
--1 ... ~ NNE 
~---- Subduction 
r 
Figure 3.8 Result of a numerical model of continent - continent or continent - arc subduction 
of Braun (1995) which has been applied to tbe Papua New Guinea region. Arc - continent 
suture structures, present in Papua New Guinea, such as the Lagaip Fault Zone and tbe Adelbert -
Fininsterre Fault Zone are not shown in this model. The model shown predicts the formation of 
a shear zone (thrust) dipping in the opposite direction to the subducting plate. The shear zone is 
unexposed at the surface. In Papua New Guinea this fault would exist at the southern edge of the 
highlands region adjacent to a break in topography. The shear zone creates an offset in the Moho 
and causes uplift-of the mantle regfon adjacent to the shear zone. Decompression of the mantle 
during uplift results in partial melting. Partial melting of the (crustal) subducted slab occurs 
if subduction is slowed or blocked by continent - arc collision (not shown). Mixed crustal and 
mantle melts may be oxidised, hydrous and alkaline (Mclnnes and Cameron 1994) and may 
efficiently transport and exsolve gold and base metals from the melt. Emplacement of magmas in 
the Papuan Highlands in the Late Miocene may have occurred in areas of high geothermal gradient 
as a result of the uplifted mantle. 
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4 THE GEOLOGY AND STRUCTURE OF THE PORGERA REGION 
AND THE PORGERA INTRUSIVE COMPLEX 
The surface geology of the Porgera area and highlands region is shown in Figure 4. 1. 
Deformed sedimentary rock, of the Papuan Fold Belt was deposited in a shallow marine 
back-arc rift environment. Sedimentation began in the Jurassic with the deposition of 
mudstone, siltstone and well sorted sandstone (see section 3.1). The Jurassic is not 
exposed within the Porgera Intrusive Complex but is exposed within crustal-scale horst 
structures (e.g. Om Uplift, approximately 10 km west of Porgera) and in the cores of the 
larger anticlines. Strontium and Lead isotopic compositions of minerals associated with 
gold deposition at Porgera indicate the ore fluids equilibrated with magmatic fluids and 
rocks of the Jurassic Om Fonnation (Richards et al. 1991 a). Therefore, it is thought that 
the Jurassic exists at depth beneath Porgera (Figure 4.2). 
Units of the Late Cretaceous Chim Formation are exposed at Porgera. The Chim 
Fonnation consists of black carbonaceous shale, occasionally with interbedded marl 
layers up to 20 cm thick and glauconitic sandstone beds which are several metres thick 
(Figure 4.3). 'J'hese units were probably deposited in an anaerobic environment at 
the continental shelf edge. Handley and Bradshaw (1986) suggest that the black colour of 
the shale is due to the presence of graphite. 
Oligocene to Miocene units of the Darai Limestone were depo~ited after a sedimentary 
hiatus in the Palaeocene. The limestone at Porgera (Figure 4.3) is a medium grained 
micrite which forms part of the base of the Darai sequence. The limestone - carbonaceous 
shale contacts at Porgera are para-unconformable although some shearing at contacts is 
evident. The shearing may have occurred during folding or thrusting and is probably 
localised at the contacts due to the high competency contrast between the limestone and 
the shale. 
The Porgera Intrusive Complex was emplaced at the end of the Miocene (6.0 Ma) after 
folding and thrusting (Figure 1.2, Figure 4.2, Figure 4.3). Whole-rock analyses of a 
range of intrusions (Table 1.1) from Porgera (Richards 1990a, 1990b, Handley and 
Henry 1990, Rock and Finlayson 1990) indicate they may be related by crystal 
fractionation (Richards 1990a, 1990b). The high oxidation state, high volatile content, 
high Al content and low Ti and Ta content of the intrusions suggests they are subduction-
related (calc-alkaline), however the enrichment in incompatible elements, and the 87Sr/86Sr 
= 0.7035 and ~d = +6 for the stocks suggests a mantle source for the magmas (Richards 
et al. 1990). 
Figure 4.1 Geology of the Papuan Fold Belt (modified after Hill 1990) showing the location 
of the Porgera ln!Nsive Complex, Porgera Transfer Structure and Roamane Fault Zone. 
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Figure 4.2 Cross section across the Papuan Fold Belt (location shown on Figure 4.1) showing 
compressional deformation associated with Late Miocene arc collision (modified after 
Hill 199 l ). Porgera and Mt Kare are shown here as late high-level stocks associated with 
deep alkaline introsives. 
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Figure 4.3 Surface geology map of part of the Porgera Intrusive Complex (after Handley 
and Henry 1990). The Porgera gold deposit is located adjacent to the Roamane Fault Zone. 
The contact between the Late Cretaceous carbonaceous (black) shale and the Miocene 
(Darai) limestone occurs at this level. Altered sedimentary rock is particularly prevalent around 
the hornblende diorite, augite hornblende diorite and feldspar porphyry intrusions. Many 
of the intrusions have irregular shapes as a result of emplacement into wet sediment. 
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4. 1 Geochronology of the Sedimentary Rocks at Porgera 
The age of the sediment at Porgera can be used to constrain the age of deformation in the 
Papuan Fold Belt and can be used to give an indication of displacement on the Roamane 
Fault Zone. Table 4.1 gives a summary of ages for the sedimentary rocks from Porgera. 
The age of the carbonaceous shale has been determined by microfossil assemblages. The 
fossil assemblages of the limestone however, are not well preserved. Strontium isotope 
chronostratigraphy of the limestone has been used to determine the age of these rocks. 
Carbonaceous shale and limestone from exploration hole Pl 41 at Porgera have been dated 
using microfossil assemblages (Wonders 1989). The sediments intersected in this hole 
were exposed in the surface mine (during the period of this study) and constitute part of 
the hangingwall to the Roamane Fault Zone (Figure 4.4). 
Table 4.1 Summary of ages of sedimentary rocks in the Porgera Intrusive Complex 
Analysis Location 1 
E N RL 
Wonders (1989) Hole Pl41 22100 11389 2600 HW 
Wonders (1989) Hole Pl41 22125 11389 2635 HW 
Shafik (1996) PSM201 22777 11328 2280 HW 
Howe (pers. comm.) Hole P5 l 9 4 23181 11262 2307 HW 
Shafik (1996) PSM129 21840 11418 2640 FW 
Shafik (1996) PSM121 21865 11448 2650 FW 
Shafik (1996) PSM200 22120 11746 2700 FW 
G. Hall (pers. comm.) ? FW 
Wonders (1989) Hole P141 22055 11389 2550 HW 
Whitford (pers. comm.) PSM063 5 22072 11351 2620 HW 
Whitford (pers. comm) PSM062 5 22088 11381 2620 HW 
Whitford (pers. comm.) PSM113 5 22136 11343 2590 HW 
Wonders (1989) Hole Pl4l 22146 11389 2658 HW 
Method Age 
cs Foraminifera ? Late Cretaceous 
cs Nannofossils Late Cretaceous (75 Ma) 
cs Nannofossils Late Cretaceous(= 74-69 Ma) 
cs Nannofossils Late Cretaceous (77-75 Ma) 
cs Nannofossils Late Cretaceous(= 74-69 Ma) 
cs Nannofossils Late Cretaceous (73.5-73 Ma) 
cs Nannofossils Late Cretaceous (73.5-71.5 Ma) 
cs ? Early Cretaceous (105 Ma) 
L Nannofossils Oligocene or Younger 
L 81Sr/86Sr Late Oligocene("" 33.8 Ma) 
L "Sr/16Sr Late Oligocene(= 32.3 Ma) 
L 17Sr/86Sr Late Oligocene(= 36.9 Ma) 
L Nannofossils Early-Middle Miocene 
Whitford (pers. comm.) PSM123 5 22340 11313 2250 FW L 87Sr/86Sr Late Oligocene("' 32.3 Ma) 
1 Relative to Mine Grid North 
2 FW = footwall, HW = hangingwall (relative to the Roamane Fault Zone) 
3 CS = carbonaceous shale, L = limestone 
~Richard W. Howe, Dept. of Geology and Geophysics, UW A, Western Australia 
5 David Whitford, CSIRO Division of Petroleum Resources, North Ryde, New South Wales 
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Figure 4.4 Section (looking north) of the geology and biostratigraphy of hole Pl 41 from the hangingwall 
of the surface mine. The carbonaceous shale in this hole is Late Cretaceous (approximately 75 Ma) and 
the limestone is Oligocene or younger. Strontium (87Sr/86Sr) isotopes from the limestone suggests the age 
is Late Oligocene (approximately 33 Ma). 
Note: The limestone - carbonaceous shale contacts for the deeper limestone unit are highly oblique to the 
section. 
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4.1. l Carbonaceous Shale 
A Late Cretaceous age of the carbonaceous shale in the hangingwall of the Roamane Fault 
Zone (Wonders 1989), where the surface mine currently operates, is consistent with the 
dating of a carbonaceous shale sample from the hangingwall of the Roamane Fault Zone 
further east (Howe pers. comm.) and is consistent with the dating of a sample from the 
hangingwall of the underground mine (Shafi.k 1996) (Table 4.1). Therefore a Late 
Cretaceous age for the carbonaceous shale in the hangingwall of the Roamane Fault Zone 
seems reasonable which would indicate that these rocks are part of the Chim Formation. 
The carbonaceous shale in the footwall of the surface mine also has a Late Campanian -
Early Maastrichtian (Late Cretaceous) age (Shafilc 1996) (Table 4.1). An Early 
Cretaceous age (Albian) of approximately 105 Ma for the carbonaceous shale in the 
footwall of the Roamane Fault Zone has also been reported (G. Hall pers. comm.). This 
age is anomalous when compared to the other samples, however if the Late Cretaceous 
units are thin at Porgera, then the Early Cretaceous stratigraphy may be exposed in the 
Porgera mine area. 
4 .1.2 Limestone 
The limestone intersected in hole Pl41 has an indeterminate age due to poorly preserved 
fossil assemblages (Figure 4.4). At the top of the hole fossils are poorly preserved but 
are probably Early to Middle Miocene. At 120-123 m the fossils in a similar limestone 
unit are also poorly preserved, with an Oligocene or Miocene age likely. Strontium 
isotope chronostratigraphy was used to better constrain the age of the limestone. 
Appendix 1 outlines the methods and results of the Strontium isotope chronostratigraphy. 
The four samples of limestone are unaffected by hydrothermal alteration and returned the 
same 87Srf16Sr ratios (within error) indicating the limestone in the hangingwall and 
footwall is of similar age (Table 4.1). 
4.1 .3 Indications from the Stratigraphy for Displacement on the Roamane Fault Zone 
The ages of the sediments in the hangingwall and footwall of the Roamane Fault Zone 
may give some indication of the displacement of the fault, although the limestone and the 
carbonaceous shale are complexly deformed due to shortening, which makes the exact 
displacement on the fault difficult to determine. 
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The Roamane Fault Zone dips steeply south and is approximately sub-parallel to bedding 
in the underground mine but is at a higher angle to bedding in the surface mine (see 
Enclosure 2, Enclosure 3). On the basis of the similar ages of the limestone in the 
hangingwall and footwall, and the similar ages of the carbonaceous shale in the footwall 
and hangingwall of the Roamane Fault it is concluded that the fault has experienced only a 
small normal displacement. Normal displacement on the fault (which occurred during 
stage II mineralisation) is probably of the order of tens to hundreds of metres (probably 
less than 200 m). Significant strike-slip displacement occurred before and after stage II 
mineralisation (see section 6.16), but cannot be detected without further analysis of the 
stratigraphy. 
4. 2 Geochronology of the Porgera Intrusive Complex, Alteration and 
Mineralisation 
Summary age determinations for emplacement of the Porgera Intrusive Complex, 
alteration and mineralisation are shown in Table 4.2. Hornblende and biotite mineral 
separates from (augite) hornblende diorite stocks at Porgera have been dated by Richards 
and McDougall(l990)using the K-Ar method and indicate a magmatic age of 6.0 ± 0.3 
Ma. Sericite associated with alteration and mineralisation of the stocks and host 
sediments has also been dated by the K-Ar method, with most ages being between 5.7 
and 6.0 Ma (Richards and McDougall 1990, Higashi and Taguchi 1991). Two ages at 
approximately 5.1 Ma indicate the hydrothermal system lasted until this time (Richards 
and McDougall 1990). The age of the stage II mineralisation has be.en estimated at 5.73 ± 
0.13 Ma by K-Ar dating of roscoelite (vanadium-rich sericite) associated with stage II 
(fault-hosted) mineralisation (Richards and McDougall 1990). 
While most of the stocks have been dated using the K-Ar method, the feldspar porphyry 
has not been dated due to ubiquitous low to medium temperature quartz, sericite, 
carbonate, pyrite (propylitic and phyllic) alteration. Feldspar porphyry is distinctive and 
easily recognised from the other rock-types by the scarcity of hornblende, pyroxene and 
olivine phenocrysts (which occur in all other rock types) and the predominance of 
plagioclase phenocrysts. The plagioclase phenocrysts in particular have been severely 
altered to sericite and carbonate. 
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Table 4.2 Summary geochronology of the intrusives, alteration and mineralisation at Porgera. 
Sample Location Lithology Method Mineral Age (Ma) Ref. 
Intrusives 
88-2 22238 E Hornblende K-Ar Biotite 6.18 ±0.15 
11247 N Diorite 
88-5 22315 E Hornblende K-Ar Biotite S.91 ±0.16 
11366 N Diorite 
2280 RL 
88-9 22031 E Hornblende K-Ar Biotite 6.11 ±0.14 
11401 N Diorite 
88-20 23439 E Hornblende K-Ar Biotite 5.89 ±0.19 
11434 N Diorite 
88-8 22198 E Hornblende 4JJAr_39Ar I Hornblende 6.28 ±0.63 
11348 N Diorite 
88-13 22159 E Hornblende 40Ar_39Ar I Hornblende S.89 ±1.12 
11768 N Diorite 
88-15 22381 E Hornblende 40Ar_39Ar I Hornblende S.97 ±0.19 
11520 N Diorite 
88-21 Hornblende 4JJAr_39Ar I Hornblende S.90 ±0.43 
Diorite 
PGC183 22340 E Hornblende U-Pb Zircon 5.87 ±0.15 
11350 N Diorite 
2310 RL 
PSM203 22356 E Feldspar U-Pb Zircon 6.06 ±0.21 
11297 N Porphyry 
2360 RL 
Alteration 
89-627 Hornblende K-Ar Sericite S.14 ±0.13 
Diorite 
89-630 Vein K-Ar Seri cite S.11 ±0.11 
89-631 Vein K-Ar Sericite S.87 ±0.26 
{6.00 ±0.20) 
2 
89-629 Hornblende K-Ar Seri cite 6.13 ±0.14 
Diorite 
22078 E Brecciain K-Ar 3T Sericite 5.81 ±0.33 
11000 N Feldspar 
2335 RL Porphyry 
Mineralisation (D-type, stage II) 
89-625 22140 E Vein in K-Ar Roscoelite 5.73 ±0.13 
11363 N Hornblende 
2280 RL Diorite 
1 This method done to attempt to remove the effects of excess argon in the hornblende 
2 Repeat 
3 Richards and McDougall ( 1990) 
• Munroe and Williams (1996) 
s Higashi and Taguchi (1991) 
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Richards (1990b) and Richards and McDougall (1990) suggest that the feldspar porphyry 
~ a relatively late magmatic phase which may have been emplaced during mineralisation, 
hence its close spatial relationship to the Roamane Fault Zone in the mine environment, 
although field relationships suggest that the feldspar porphyry was emplaced before stage 
I mineralisation and stage II mineralisation and is the same age as the other stocks. 
Individual zircon crystals from highly altered feldspar porphyry, at the centre of the 
mineralised zone, and hornblende diorite, from a similar location in the mine have been 
dated, during the course of this study, by the U-Pb-Th method using SHRIMP (Munroe 
and Williams 1996). Analysis of sixteen individual zircons from a feldspar porphyry 
(PSM203) returned an age of 6.06 ± 0.21 Ma (95% confidence) and analysis of sixteen 
individual zircons from a hornblende diorite (PGC183) returned an age of 5.87 ± 0.15 
Ma (95% confidence). Both of these ages are interpreted to represent the magmatic age of 
the stocks. These ages are the same (within error) as the magmatic age for the intrusive 
complex, of 6.0 ± 0.3 (20') Ma determined by Richards and McDougall (1990). 
The ·analysis of the feldspar porphyry (PSM203) and the hornblende diorite (PGC183) 
can be used to test the model of previous workers (Richards 1990a, 1990b, Richards and 
McDougall 1990) who suggested that the feldspar porphyry was emplaced late in the 
history of the Porgera Intrusive Complex, during mineralisation. Given the uncertainties 
of the two age determinations, there is less than 5% chance that the magmatic ages of the 
two rocks ~e different (Appendix 2). A key question relates to the relative timing of the 
stage II (fault-hosted) mineralisation with respect to intrusion of the feldspar porphyry. 
The age of the feldspar porphyry as determined by SHRIMP II (6.06 ± 0.21 Ma) is 
significantly older than the K-Ar age of the stage II roscoelite (5.73 ± 0.13 (2a) Ma) to 
95% certainty (Appendix 2). These findings are consistent with overprinting 
relationships that indicate the feldspar porphyry was emplaced before mineralisation. 
4. 3 Basement Geology and Geochronology 
The basement beneath Papua New Guinea consists of a combination of Archaean, 
Proterozoic and Palaeozoic rock types, which probably extend as far north as the Lagaip 
Fault Zone (Figure 3.1). Surface exposures of the basement of the Papuan Fold Belt are 
scattered throughout the highlands region. Extensive exposures occur in the hinges of 
basement-cored anticlines which form in the hangingwall of major thrust ramps (Hill 
1989, 1990, 1991). Scattered outcrops and drill intersections of granite, granodiorite, 
diorite, quartz diorite, tonalite, gabbro and dolerite have K-Ar ages in the range 220 to 
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300 Ma (Page 1976, Davies 1990). Magmatism at this time was probably a result of 
break-up and back-arc rifting. South-west of the central highlands, altered quartz diorite 
was intersected in drill core which returned a K-Ar age on hornblende of 1402 - 1409 ± 
45 Ma (Davies 1990). 
U-Pb (SHRIMP) zircon dating of single zircons from hornblende diorite stocks of the 
Porgera Intrusive Complex have returned (inherited) Archaean ages from six of twenty-
four zircons analysed. Archaean ages returned include 2624 ± 16, 2766 ± 10 and 3669 ± 
26 Ma (2cr errors) (Munroe and Williams 1996). These results suggest that Archaean 
rocks may be present in the basement beneath Papua New Guinea. The age of the three 
populations of zircons at Porgera are similar to many of the ages in the north-western 
Yilgam Craton where 3300-3730 Ma gneiss is intruded by 2750-2620 Ma granitiods 
(Nutman et al. 1993). The ages of some inherited zircons from Porgera are similar to 2781 ± 
9 Ma (2cr) zircons recovered from igneous and metamorphic clasts in drill cuttings from 
basement, unroofed during the formation of metamorphic core complexes in the 
D'Entrecasteaux Islands (Baldwin et al. 1992, Baldwin and Ireland 1995). 
4. 4 Localisation of Magmatism at Porgera 
The main structural blocks of the Papuan Fold Belt are offset along NE-SW trending 
basement fractures (tear faults or lateral ramps of Hill (1989, 1991)). The basement 
fracture trends are parallel to a magnetic trend in the fold belt which is interpreted to 
represent transfer zones which have formed during Mesozoic extension (Figure 4.1). The 
Porgera Intrusive Complex coincides with a NE-trending transfer fault (the Porgera 
transfer structure) which can be seen on aerophotography or satellite imagery of the 
Papuan Fold Belt (Figure 4.5). The same transfer structure also passes through Mt. 
Kare. A number of other known magmatic-related hydrothermal gold deposits are 
spatially associated with similar transfer structures (e.g. Ok Tedi, Wau, Hidden Valley). 
The transfer structures formed during extension and were the focus of later reactivation 
during compression and uplift in the Tertiary (Hill 1987, 1989, 1991). The Om uplift 
immediately west of the Porgera mine may be the result of upiift during compression. 
Movement of magma through the crust may have been aided by the basement transfer 
structures (Hill 1991, Hall and Standing 1993, Standing 1994) (Figure 4.6). Corbett 
(1993) suggests strike-slip movement on these transfer structures during the Miocene and 
Pliocene has created locally extensional tectonic environments, favourable for intrusion. 
No surface expression or kinematic indicators from the transfer structures have been 
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Figure 4.5 Side-looking air-borne radar (SLAR) image of the Wabag 1 : 250 000 (SB/54-8) sheet 
(upper) and interpretation of SLAR image (lower). In the lower diagram, faults and linears are denoted 
by heavy lines, bedding and bedcling-parallel faults (thrusts) are denoted by the dashed lines. The SLAR 
image is illuminated from the west which results in highlighting of north-south structures. The Porgera 
Transfer Structure trends 045° on this image but is not expressed in the structure at the Porgera mine site. 
The Porgera Transfer Structure passes through the Porgera Intrusive Complex, Mt. Kare and some Late 
Miocene intrusions mapped by Davies (1983). The Roamane Fault Zone trends 071° and is regionally 
extensive. A Roamane Fault Zone parallel structure can also be observed at Mt. Kare. 
Figure 4.6 Schematic representation of transfer zone re-activation and subsequent magma 
emplacement at transfer zones (modified after Hill 1989). In Papua New Guinea. transfer 
zones initially formed during extension in the Mesozoic and were later re-activated during 
shortening (Hill 1989). The transfer zones are evident on satellite and side-looking air-borne 
radar but are not exposed in the structure at surface. During and after shortening, the transfer 
zones were favourable to the transport and emplacement of intrusives. Melt migration may 
be localised by dilational zones (Jin et al. 1994) along deep crustal weaknesses such as the 
transfer zones in Papua New Guinea. The Porgera transfer zone passes through the Porgera 
Intrusive Complex and the Mt Kare intrusive complex, 17 km SW of Porgera. 
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found in the Papuan Fold Belt (Peter Downes pers. comm.) and no surface expression of 
the transfer structures can be found in the Porgera mine. Therefore the transfer structures 
may represent deep crustal weaknesses, which may have the ability to influence the 
location of mantle or crustal melts by localising zones of dilation in the lower crust which 
may enable melts to migrate more effectively (Jin et al. 1994). 
4. 5 Depth of Emplacement and Uplift of the Porgera Intrusive 
Complex 
The Porgera gold deposit is currently exposed at 2500 - 3000 m above sea level and is 
located near the contact between the Cretaceous carbonaceous shale and the base of the 
Miocene limestone (Figure 4.3). Approximately 2000 m of limestone has been removed 
by erosion at Porgera, based on the knQwn thickness of the Darai Limestone in Papua 
New Guinea (Davies 1983, Richards 1992). Further burial of the intrusive complex by 
volcanic and pyroclastic material from the highly volatile magmas may also have 
occurred. No exposure of any volcanics has been found, however, due to erosion. 
The top of the Darai Limestone was probably deposited near sea level, until arc collision 
with Papua New Guinea at 10 Ma, indicating approximately 4500 m of uplift has taken 
place in the Porgera area from 10 Ma to present. Cooling of the country rock in the 
highlands of Papua New Guinea below approximately 120° C occurred at approximately 4 
Ma (apatite fission track ages, Figure 3.4) (Hill and Gleadow 1989). Assuming a 
constant rate of uplift fro~ 10 Ma to the present, an average uplift rate of 0 .45 mm yr-1 is 
calculated for the highlands. Therefore from 10 - 6 Ma, at least 1800 ·m of uplift may 
have taken place. By this calculation, the currently exposed Porgera Intrusive Complex 
was probably emplaced near sea leveJ at 6.0 Ma. Uplift to 2500 - 3000 m above sea level 
has taken place since 6.0 Ma. For the life of the hydrothermal system at Porgera, uplift 
may have been approximately 200 m, based on the average uplift rate. Changes in the 
deformation processes in the highlands have occurred during uplift and erosion. 
4. 6 Geology, Structure and Gold Mineralisation in the Porgera Mine 
Environment 
The geology, structure and distribution of gold mineralisation in the Porgera mine 
environment is represented in Figure 4.7, Figure 4.8, Figure 4.9 and Figure 4.10. 
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Figure 4. 7 shows the geology and structure of seven levels in the underground mine ( 40 
level - Figure 4.7A, 36 level - Figure 4.7B, 31 level- Figure 4.7C, 28 level -Figure 
4.7D, 25 level - Figure 4.7E, 22 level- Figure 4.7F, 19/18 level -Figure 4.7G). The 
numbering of the levels gives an approximate indication of the elevation above sea level, 
i.e. 40 level is approximately 2400 mRL. The plans in Figure 4. 7 have been compiled 
from underground wall mapping (by PN geologists and mapping done during this study) 
which is integrated with a drill hole geological interpretation. Sulphide veins (stage 1) do 
not form mappable units on these plans, however the principal displacement zone of the 
Roamane Fault Zone and the major stage Il veins (breccia) are shown. Figure 4.8 is a 
section through 22500 E of the underground mine showing a compilation of the geology 
which h~s been detennined from drill-hole interpretation and underground wall mapping. 
The plans in Figure 4. 7 and the section in Figure 4.8 show the Roamane Fault Zone at the 
contact between altered sediment in the footwall and carbonaceous shale in the 
hangingwall. The altered sediment occurs as a halo around the intrusions (hornblende 
diorite and augite hornblende diorite). Some altered sediment is also associated with the 
feldspar porphyry stocks, which occur predominantly in the hangingwall. On the lower 
levels, in the western part of the underground mine, the feldspar porphyry occurs as a 
small pipe-like intrusion (Figure 4. 7G), which becomes larger and intrudes further to the 
east towards the upper levels of the mine (Figure 4. 7 A). 
Figure 4.9 gives two perspectives of a 3D Datamine model of the main D-type (stage 11) 
breccia units of the Roamane Fault Zone (looking SW - Figure 4.9A, looking SE - Figure 
4.9B). The model was constructed by digitising and wire-framing mappable D-type 
breccia units from 42 sections through the mine which were compiled from level plan 
geological mapping and drill-hole geology. The model shown is that of the underground 
ore-body (Zone VII and VIlA) only (from 2190 mRL (19 level) to 2400 mRL (40 level)). 
The main ore body (between 22000 E and 22500 E) and the eastern ore body (between 
22700 E and 22900 E) can be seen in Figure 4.9A and Figure 4.9B. These two ore 
bodies dip steeply south, parallel to the principal displacement zone of the Roamane Fault 
Zone. Also represented on these diagrams are the ENE-striking footwall and hangingwall 
vertical fault-fracture systems which are particularly well developed near the main ore 
body. The E-W-striking footwall splay faults are less well represented because they are 
narrow and discontinuous and do not form mappable units in this model. 
Figure 4.10 shows plans of the contoured gold grade model for Porgera from 2490 mRL 
(surface mine) to 2220 mRL (22 level underground), (2490 mRL - Figure 4.JOA, 2470 
llD50 E 
I 
2"..200E 
I 
Figure 4. 7A Geology, underground development and structure of the Roamane Fault Zone 
and stage II (D-type) mineralisation for 40 level (2400 mRL) compiled from underground 
wall mapping which is integrated with drill-hole geology. 
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Figure 4. 7B Geology, underground development and structure of the Roamane Fault Zone ---- - '\ 
and stage II (D-type) mineralisation for 36 level (2360 mRL) compiled from underground · -• ·· \ 
wall mapping which is integrated with drill-hole geology. 
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Figure 4. 7C Geology, underground development and structure of the Roamane Fault Zone 
and stage II (D-type) mineralisation for 31 level (2310 mRL) compiled from underground 
wall mapping which is integrated with drill-hole geology. 
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Figure 4. 7D Geology, underground development and structure of the Roamane Fault Zone 
and stage II (D-type) mineralisation for 28 level (2280 mRL) compiled from underground 
, wall mapping which is integrated with drill-hole geology. 
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Figure 4.7E Geology, underground development and structure of the Roamane Fault Zone 
and stage II (D-type) mineralisation for 25 level (2250 mRL) compiled from underground 
wall mapping which is integrated with drill-hole geology. 
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Figure 4. 7F Geology, underground development and structure of the Roamane Fault Zone 
and stage II (D-type) mineralisation for 22 level (2220 mRL) compiled from underground 
wall mapping which is integrated with drill-hole geology. 
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Figure 4.9B Porgera Zone VII and VIIA: View looking (mine grid) SE of a Datamine wire-frame model 
of D-type mineralised breccia units which are hosted by the Roamane Fault Zone. 
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mRL- Figure 4.JOB, 2440 mRL- Figure 4.JOC, 2410 mRL (40 level)- Figure 4.lOD, 
2360 mRL (36 level)-Figure 4.JOE, 2310 mRL (31 level) - Figure 4.JOF, 2280 mRL 
(28 level) - Figure 4.JOG, 2250 mRL (25 level)-Figure 4.JOH, 2220 mRL (22 level) -
Figure 4.101). The plans which correspond approximately to levels in the underground 
mine have been overlaid with the underground development, Roamane Fault Zone 
(principal displacement zone) and D-type (stage m breccia from Figure 4. 7. The trends 
in grade on the plans in Figure 4.10 have been interpreted in terms of stage I and stage II-
related structures. In some places the intersection between the stage I and stage II 
structures corresponds to areas of high gold grade, however the highest grade 
intersections (darker shade) occur adjacent to the principal displacement zone (main ore 
body and eastern ore body), the footwall splay faults and the vertical fault-fracture veins 
of the Roamane Fault Zone. 
4. 7 Formation of Sediment - Intrusive Breccia During Emplacement of 
the Porgera Intrusive Complex 
The mafic intrusions at Porgera range in size from a few hundred cubic metres and are 
often highly irregularly shaped in three dimensions (Figure 4.7, Figure 4.8). Intrusive 
bodies with irregular shapes have previously been described from a number of regions 
(e.g. Kano 1989) where the magma was emplaced into wet sediment. Contact-related 
sediment + intrusive breccia may also be produced during emplacement of stocks into wet 
sediment. These breccias consist of carbonaceous shale ± limestone ± fragments of 
intrusion and are most common adjacent to stocks and dykes in the surface mine, where 
they occur in massive zones up to 10 m wide extending from some intrusive contacts. 
The fragments in these contact breccias may be hydrothermally altered near the contact 
(Figure 4.1 JA) or they may remain unaltered. The breccias are unmineralised and are 
themselves over-printed by A-type (stage I) sulphide veins (Figure 4.1 JB) indicating that 
they were not permeable during circulation of the stage I mineralising fluids. 
During emplacement of the intrusive into wet sediments, brecciation of the sediments 
occurred as a result of sudden heating and vapourisation of groundwater. Vapourisation 
of groundwater on contact with hot, mafic intrusions resulted in a large increase in the 
specific volume (Figure 4.12A) and a rapid decrease in the density of the fluid (Figure 
4.12B) which caused a rapid rise in fluid pressure, resulting in brecciation fluidisation. 
Fracturing of the wall-rock resulting in the rapidly expanding fluid and breccia being 
mobilised along fractures. Generally an increase in temperature and/or decrease in 
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Figure 4.JOB Porgera gold grade model for 2470 mRL with interpreted structures (dashed lines are stage I 
veins and solid lines are stage II veins). Dark areas on the gold grade model are contours for grades 
greater than 10 git. 
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Figure 4.JOC Porgera gold grade model for 2440 mRL with interpreted structures (dashed lines are stage I 
veins and solid lines are stage II veins). Dark areas on the gold grade model are contours for grades 
greater than 10 git. . 
Figure 4.JOD Porgera gold grade model for 2410 mRL (41 level) with development (40 level), Roamane 
Fault Zone and interpreted structures (dashed lines are stage I veins and solid lines are stage II veins). 
Dark areas on the gold grade model are contours for grades greater than 10 git. 
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Figure 4.JOE Porgera gold grade model for 2360 mRL (36 level) with development, Roamane Fault Zone 
and interpreted strucmres (dashed lines are stage I veins and solid lines are stage II veins) . Dark areas on 
the gold grade model are contours for grades greater than l 0 git. 
Figure 4.IOF Porgera gold grade model for 2310 mRL (31 level) with development, Roamane Fault Zone 
and interpreted structures (dashed lines are stage I veins and solid lines are stage II veins). Dark areas on 
the gold grade model are contours for grades greater than I 0 git. 
Figure 4.JOG Porgera grade model for 2280 mRL (28 level) with development, Roamane Fault Zone and 
interpreted structures (dashed lines are stage I veins and solid lines are stage II veins). Dark areas on 
the gold grade model are contours for grades greater than 10 git. 
Figure 4.JOH Porgera grade model for 2250 mRL (25 level) with development, Roamane Fault Zone and 
interpreted structures (dashed lines are stage I veins and solid lines are stage II veins). Dark areas on 
the gold grade model are contours for grades greater than 10 git. 
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Figure 4.101 Porgera grade model for 2220 mRL (22 level) with development, Roamane Fault Zone and 
interpreted structures (dashed lines are stage I veins and solid lines are stage II veins). Dark areas on 
the gold grade model are contours for grades greater than 10 git. 
Figure 4.11 Sediment+ intrusive 
breccia caused by intrusion of 
magma into wet sediment. 
A. Clasts of limestone and 
carbonaceous shale which have 
been hydrothermally altered at the 
contact with a gabbroic stock. 
undeformed stage I (A-type) 
extension fracture-veins 
indicating that the breccia was 
sealed and had a low permeability 
during mineralisation. 
B. Unaltered carbonaceous shale 
and limestone breccia which is 
overprinted by stage I sulphide 
veins. This breccia probably 
formed as a result of magma 
emplacement into wet sediment 
and resulted in fluidisation of the 
shale, such that the brecciated 
shale is emplaced along fractures 
in the more competent limestone. 
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Figure 4.12 Pressure v's temperature diagrams for pure water showing variations in the specific 
volume of water with temperature (A) (modified after Kokelaar 1982), variations in the density 
of water with temperature (B) (modified after Norton 1984) and changes in the density of water 
with temperature at pressures which may be applicable to Porgera (C). In A and B, a possible 
scenario for intrusion of the Porgera Intrusive Complex into wet country rock is shown. Rapid 
heating of groundwater will result in an order of magnitude increase in the specific volume (A) 
and an order of magnitude decrease in the density (B) as the groundwater fluid moves into the 
vapour phase. Increases in the specific volume may resu1t in fracturing or brecciation around 
the intrusion. Fluidisation and mobilisation of the brecciated sediment and intrusive along 
fractures from the region of overpressuring near the contact, has occurred during the formation 
of breccia filled fractures. 
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pressure from below the critical point is required to achieve fluidisation (Kokelaar 1982). 
The process of fluidisation is dependent on the type of sediment. the fluid volume, fluid 
pressure, fluid density, rock porosity and rock permeability (Kokelaar 1982), however 
these conditions during brecciation are difficult to quantify. 
4. 8 Alteration 
Two phases of pervasive alteration (propylitic and phyllic ), which predate stage I and 
stage II mineralisation are associated with emplacement of the Porgera Intrusive Complex. 
In addition, narrow contact metamorphic aureoles are evident around some of the stocks, 
however other stocks have no identifiable contact metamorphic aureole. Where contact 
metamorphism does occur, the formation of epidote and garnet with the addition of quartz 
is evident in the carbonaceous shale. The limestone is unaltered at the contact with the 
stocks. 
1. Propylitic alteration is associated with alteration of mafic minerals to chlorite and 
patchy carbonate and minor alteration of plagioclase to sericite in the intrusions. and 
calcite addition in the carbonaceous shale (Handley and Bradshaw 1986, Fleming et al. 
1986). 
As shown in Table 1.2, the fluids involved in the propylitic alteration were relatively 
dilute (:5: 8 wt% NaCl eq.) and are thought to have been predominantly meteoric fluids 
although some saline (- 16.8 wt% NaCl eq.) fluid inclusions indicate magmatic fluid 
circulation during propylitic alteration (Richards and K.errich 1993). The hydrothermal 
fluid was at 450° C during propylitic alteration (Richards and Kerrich 1993). No 
fracturing accompanies propylitic alteration. indicating fluid pressures not exceeding the 
least principal stress ( cr3). 
2. Phyllic alteration is characterised by the addition of K:zO and C02 and loss of N~O 
and has resulted in the formation of calcite, dolomite, sericite (± serpentine, siderite, 
epidote, apatite and clays). In the intrusions the mafic minerals are replaced by carbonate 
and the feldspar by sericite, serpentine forms after olivine and pyrite after spinel (Handley 
and Bradshaw 1986). The carbonaceous shale is altered by the formation of carbonate 
and sericite which gives the rock a bleached appearance (Fleming et al. 1986). 
Hypersaline fluid inclusions (- 32 wt% NaCl eq.) in quartz, formed during phyllic 
alteration, were trapped at 200 - 210° C. These fluid inclusions and the B180 and oD 
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(Table 1.2) indicate a dominantly magmatically derived fluid was responsible for phyllic 
alteration (Richards and Kenich 1993). 
The altered sediment occurs as a massive halo around the stocks in the vicinity of the mine 
workings (Figure 4.7, Figure 4.8). Phyllic alteration around the stocks is associated with 
the development of pyrite veinlets CG-stringers of Cameron et al. 1995), (Figure 4.13). 
The pyrite veinlets are often parallel in any one location but vary in orientation in some 
areas and vary in orientation on a larger scale. The variable orientation of veins 
controlling phyllic alteration in the carbonaceous shale in Figure 4.13A indicates a low 
stress difference (01 - o3) near the stocks during vein formation and phyllic alteration. 
Connectivity between the fractures is greatest near the contact of the intrusion with the 
sediment, where the phyllic alteration is ubiquitous. Further from the contact, the phyllic 
alteration occurs only around individual fractures which may have lesser connectivity 
(Figure 4.13B). 
4. 9 Rotation of the Porgera Intrusive Complex 
Remanent palaeomagnetic vectors from the stocks and dykes at Porgera indicate that the 
Porgera area has undergone rotation and tilting during intrusion and alteration (Clark and 
Schmidt 1993, Clark et al. 1995). Rotation of the palaeomagnetic vector is a result of 
bulk rotation of the stocks. Rotation of the remanent vector by strain (Borradaile 1993a, 
1993b) is unlikely as the intrusions at Porgera are undeformed except for overprinting 
faults and fractures formed during mineralisation. 
The total degree of tilting of the stocks is 50° - 60° (top-to-the-south), followed by 
approximately 45° anti-clockwise rotation (Clark and Schmidt 1993). Later, Clark et al. 
(1995) concluded that the intrusions had undergone approximately 30° clockwise rotation 
followed by the 50° - 60° tilt (top-to-the-south) using the same data. In detail however, 
each stock has a slightly different history (Clark et al. 1995). 
The primary thermoremanent magnetisation (carried by (titano)magnetite) is retained by 
the stocks unless they are severely altered. The primary remanence may be heavily 
overprinted by a secondary component. The secondary component probably formed 
during pervasive propylitic alteration (Table 1.2) and is carried by fine-grained magnetite 
(several microns to sub-micron) (Clark and Schmidt 1993). Tilting and rotation of the 
stocks during alteration has been recorded by the secondary magnetisation. 
Figure 4.13 Phyllic alteration of carbonaceous shale which occurs around the intrusions, (see also 
Figure 4.3). The alteration (sericite +carbonate) is associated with thin veins containing pyrite (G-
stringers of Cameron et al. 1995). The thickness of the pyrite stringers is not proportional tO the 
thickness of the alteration halo suggesting that fluid flow may be related to the connectivity between 
fractures, rather than fracture thickness. Where the phyllic alteration is ubiquitous in the sedimentary rocks 
near the contact with the stocks, the connectivity between fractures is high. Further from the contact, 
the connectivity between fractures is lower, resulting in incomplete alteration. The variable orientation 
of the pyrite stringers suggests a low stress difference ( cr1 - cr3) during formation of the veins. 
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A summary of the magmatic and tectonic history according to Clark and Schmidt (1993) 
and Clark et al. (1995) is given below. 
A. NORMAL POLARITY INTERVAL. 
Early emplacement of the Rambari augite hornblende diorite and Roamane hornblende 
diorite. Probable emplacement of the Waruwari hornblende diorite, although no primary 
remanence appears to have survived the alteration. Initial alteration of the W aruwari 
hornblende diorite occurred at this stage. 
B. REVERSED POLARITY INTERVAL 
Clockwise rotation by approximately 30°before tilting (Clark et al. 1995). Southward 
tilting through approximately J0°before emplacement of Tawisakale hornblende diorite 
porphyry. Southward tilting through approximately 30° before emplacement of the north-
east Porgera complex gabbro. The Waruwari andesite (microgabbro) and Yakatabari 
stocks may also have been intruded at this stage. Further alteration of the W aruwari 
hornblende diorite. Southward tilting and anti~clockwise rotation (Clark and Schmidt 
1993) during pervasive propylitic alteration which is recorded by secondary chemical 
remanence in augite hornblende diorite and hornblende diorite from underground and at 
the surface. 
C. NORMAL POLARITY INTERVAL 
After most of the tectonic rotations were complete, thermal or thermochemical 
overprinting of the Tawisakale and north-east Porgera complex gabbro. 
Clark and Schmidt (1993) consider that the normal polarity interval A occurred from 5.9 -
5.7 Ma, the reverse polarity interval B occurred from 5.7 - 5.0 Ma and the normal 
polarity interval C occurred from 5.0 - 4.8 Ma. 
The intrusions, alteration and mineralisation have been dated by various methods (Table 
4.2). Magmatism at Porgera probably occurred between 6.1 and 5.9 Ma. Sericite from 
propylitic and phyllic alteration has been dated from 6.1to5.8 Ma. Stage JI 
mineralisation (roscoelite) has been dated at 5.7 Ma. Stage I and stage Il mineralisation 
have precipitated from fluids with temperatures below 300° C. The low temperature and 
the restricted flow path of these fluids would probably be insufficient to create a pervasive 
thermal or thermochemical overprint which may be detected by palaeomagnetic methods. 
Therefore the high temperature alteration recorded by the alteration was complete before 
approximately 5.8 - 5.7 Ma. Using these dates, it is suggested that the polarity intervals 
which prevailed during rotation of the stocks, as suggested by Clark and Schmidt may be 
inaccurate. Table 4.3 Iists the ages of magnetic reversals between 6.7 and 4.8 Ma (Cande 
and Kent 1992). 
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Table 4.3 Ages of magnetic reversals from 6.743 to 4.812 Ma which may correspond to those occurring 
during magmatism and mineralisation at Porgera. After Cande and Kent (1992). 
Time Period 
3An.2n 
3~,lr 
3An.ln 
~ 
3n.4n 
Normal 
R~ 
Normal 
~vme 
Normal 
Age(Ma) 
6.376 - 6.078 
(><!'11 - $.t4? 
5.946 - 5.705 
'· 1'4 - $,,t47 
5.046 - 4.812 
l 
} - Suggested Intervals 
Jl 
} - Clark and Schmidt (1993), Clark et at. (1995) 
J 
Magmatism started during a normal polarity interval, continuing into a polarity reversal. 
Therefore it is most likely that initial magmatism occurred during the 3An.2n (normal) 
interval (6.376 - 6.078) and continued into the 3An.lr (reverse) interval (6.077 - 5.947). 
Alteration and late thermal or thermochemical overprinting also occurred during these two 
intervals and extended into the 3An.ln (normal) interval (5.946 - 5.705). These intervals 
agree with the ages which suggest that alteration, tracked by the remanent magnetisations, 
occurred before mineralisation at 5.8 - 5.7 Ma. The implication of this is that it is most 
likely that stage Il mineralisation and the Roamane Fault Zone was not affected by the 
rotations measured from the palaeomagnetic remanence, however some of the stage I 
mineralisation may have been affected by the last stages of these rotations. 
4.10 Evidence in the Porgera Intrusive Complex for Tectonic Rotations 
The 50° - 60° southward tilting of the intrusive complex has occurred during emplacement 
and alteration of the intrusive complex, but before mineralisation. Therefore, rotation at 
Porgera will not be recorded by the orientation of mineralised veins and faults . Evidence 
in the structure for the southward tilting may only be found in the stocks and dykes. 
Dykes at Porgera have been emplaced at all stages during the history of the Porgera 
Intrusive Complex and dip between 50° and 75° in the mine environment (Figure 4.14A). 
Dykes are emplaced in fractures which form orthogonally to the minimum principal stress 
(cr3) direction in a similar way to extension fractures. Dykes should be emplaced in sub-
vertical or sub-horizontal orientations if the maximum (cr1), intermediate (a 2) or minimum 
(0'3) principal stress direction is vertical. The dykes at Porgera are neither sub-vertical or 
sub-horizontal in most cases (Figure 4.14A). 
A uniform 55° back-tilting (top to the north) rotation has been applied to dyke orientations 
measured during this study. The back-tilting removes some of the effects of the tectonic 
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rotations identified by the palaeomagnetic remanence (Table 4.4). The orientation of the 
dykes after the back-tilt are shown in Figure 4.14B. Many of the dykes in Figure 4.14B 
have a sub-vertical or sub-horizontal orientation after back-tilting is applied (Table 4.4), 
however the rotation experienced by individual dykes may be a function of the time at 
which they were intruded, such that not all dykes would have experienced the same tilting 
history. 
It is probable that the top-to-the-south tilting of the stocks and dykes at Porgera occurred 
as a result of the regional deformation. If this is the case, then the last stages of 
shortening in the Papuan Fold Belt, may have occurred at the same time as emplacement 
of the Porgera Intrusive Complex and may be responsible for the 50° - 60° top-to-the-
south tilt. 
Table 4.4 Orientation of fifteen dykes measured in the Porgera Intrusive Complex and their orientation 
after a 55° (top-to-the-north) back-tilt is applied. Measurements are to true north. 
Before Rotation i After Rotation 
Dip Dip Azimuth f Dip Dip Azimuth 
! 
l 
55 146 i 12 
I 
067 sub-horizontal 
65 181 i 20 226 sub-horizontal 
181 I 71 I 24 214 sub-horizontal I 
50 204 134 272 sub-horizontal 
I 
I 
65 115 i 41 I 072 ? 
58 llO l 42 060 ? 
65 108 i 46 068 ? 
64 338 i 61 158 ? I 
65 321 I 63 141 ? 
69 016 i 65 197 ? 
I 
I 
60 253 i 75 277 sub-vertical 
52 275 l 85 295 sub-vertical I 
50 298 i 85 129 sub-vertical 
72 271 l 85 
• 
097 sub-vertical 
62 276 i 88 108 sub-vertical 
+ 
+ 
+ 
Figure 4.14 Orientation of dykes measured at Porgera (A). These dykes are not sub-vertical or 
sub-horizontal as would be expected if either of the principal stress.es was vertical. Palaeomagnetic 
remanence of the stocks (Clark and Schmidt 1993, Clark et al. 1995) suggest that a 50°- 60° tilt 
(top-to-the-south) of the Porgera Intrusive Complex occurred during emplacement and alteration. 
Back-tilting the dykes by 55° (about a horizontal east - west axis such that the back-tilt is top-to-
the-north) results in the orientations shown in B. Some of the dykes are now either sub-vertical or 
sub-horizontal, suggesting the dykes may have been sub-vertical or sub-horizontal and were rotated 
to their present orientation. 
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5 CONTINENT - ARC COLLISION: EARLY FOLDING AND 
THRUSTING AT PORGERA 
Shortening in the Papuan Fold Belt has produced open to tight folds and NNE-dipping 
thrusts (Davies 1983). By contrast, the stocks and dykes of the Porgera Intrusive 
Complex are relatively undeformed but are overprinted by mineralised veins and faults. 
The exposed stocks and dykes are not overprinted by any thrusts and are located 
immediately above an unexposed central stock, inferred from magnetic modeling (Logan 
1993), indicating that thrusts have not deformed the intrusive complex and most of the 
deformation of the sediments at Porgera occurred before emplacement of the intrusive 
complex. 
The onset of shortening in the Papuan Fold B.elt can be constrained by the youngest age 
of the deformed Darai Limestone. The Parai Limestone ranges in age from 33 Ma at the 
base (e.g. at Porgera) to 8 Ma (Whitford et al. 1984). The onset of folding in Papua New 
Guinea resulted in cessation of carbonate (Darai Limestone) deposition. On the basis of 
this relationship and evidence of the age of magmatism at the northern margin of Papua 
New Guinea and New Britain, folding in the Papuan Fold Belt can be constrained to have 
began between 10 Ma and 8 Ma at the onset of collision between the Adelbert - Finisterre 
Block and the northern margin of Papua New Guinea (Smith 1990) (Figure 3.3). 
S . 1 Bedding and Bedding-Parallel Foliation in the Sediment at Porgera 
Bedding in the carbonaceous shale and altered sediment is defined by changes in 
composition, from fine-grained sandstone and siltstone laminae to siltstone laminae of 
variable thickness. Y ounging in the carbonaceous shale has been determined using 
graded beds (assuming normal grading). The contrast in composition between sandy and 
silty layers is accentuated by phyllic alteration (altered sediment) around the intrusions, 
where the clays are altered to sericite and carbonate. The altered sediments in the 
underground mine define bedding particularly clearly. 
Most of the limestone is fine to medium grained and rarely has identifiable bedding. In 
rare cases, bedding is identified by changes in the sediment grain size, however most 
exposures are massive. A bedding-parallel structure which was probably formed during 
compaction of the sediment has been identified in the limestone which enables an indirect 
measure of the bedding~parallel orientation (Figure 5.1). This structure overprints fossil 
worm tubes and bioturbation which formed shortly after sediment deposition. Younging 
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directions can be ascertained in some exposures from this structure, where overpressuring 
has occurred, resulting in the structures transgressing the bedding-parallel foliation 
(Figure 5.1). Most measurements of bedding in the limestone have been inferred from 
this bedding-parallel foliation. 
5. 2 Bedding and Vergence Relationships at Porgera 
The sedimentary rocks at Porgera are complexly deformed and few exposures of 
' . 
folds have been found in the mine environment which can be used to identify the major 
fold structure. As a result, the sequence of folding and fold geometry in the mine 
environment is incomplete, however some folds have been identified which broadly 
indicate the major fold structure. Stereoplots (Figure 5.2) and' maps (Enclosure 2 and 
Enclosure 3) show the orientation of bedding, folds and an incipient fracture-cleavage at 
Porgera. NW-SE-plunging folds form the major, regional fold structure and are also the 
major fold structures in the Porgera mine area. Other fold directions are also present in 
the Porgera mine area, indicating multiple phases of folding may have occurred. 
5.2.1 Folding in the Underground Mine 
In the underground mine, the carbonaceous shale and altered sediment dips steeply SW to 
SSE (Enclosure 2). No fold hinges have been observed in the underground mine. In the 
footwall, approximately 50 m from the Roamane Fault, bedding is south-dipping or is 
sub-vertical. Closer to the fault, the bedding changes strike such that it dips SSE 
(approximately parallel to the fault). This change in strike is well demonstrated by the 
limestone at 22350 E, 11310 N, shown in Enclosure 2. The change in strike of the 
bedding near the fault, is probably not caused by shear on the fault, (dextral and normal 
movements during mineralisation, see section 6.11), which suggests that the change in 
strike of the beds may be a primary feature of the folding in this area. In the hangingwall, 
bedding was observed in only a few locations to dip S to SE, as in the footwall. 
South-dipping graded beds in altered sediment in the eastern part of the underground 
workings (22805 E, 11348 N, 2280 mRL) indicate bedding younging to the north. Since 
most of the bedding in the underground mine is parallel and dipping to the south, it is 
suggested that much of the bedding in the footwall of the underground mine (22100 E -
0 JO cm 
Figure 5.1 Bedding-parallel structures in the limestone are interpreted to have formed after 
deposition and during compaction of the sediment. These structures post-date the formation of 
worm tubes which were constructed while the sediment was unconsolidated. During compaction 
of the sediment, fluids were channelled laterally and upwards (where overpressured). 
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A Poles to Bedding in Carbonaceous Shale (n = 123) D Poles to Bedding in Limestone (n = 48) 
True North True North 
C Poles to Incipient Fracture Cleavage in Shale (n = 8) D Fold Plunge in Carbonaceous Shale (n = 4) 
Figure 5.2 Equal area stereographic projections of A; bedding in carbonaceous shale, B; bedding in 
limestone, C; incipient fracture-cleavage in carbonaceous shale and D; fold plunges in carbonaceous 
shale, which have been measured in the Porgera mine area during this study. For a spatial breakdown 
of the data measured in the underground mine and surface mine see Enclosure 2 and Enclosure 3 
respectively. Bedding in hangingwall limestone from the surface mine suggests folds plunging 
shallowly NNE-SSW (FA) and/or NNE-striking thrusts which cause repetition of the carbonaceous 
shale - limestone sequence. A second set of downward, SSW-facing folds plunge ESE-WNW <Fs) 
which is parallel to the regional fold trace. Timing relationships between the two sets of folds have 
not been observed due to lack of cleavage overprinting relationships. Both sets of folds may have 
developed at the same time due to the effects of transpressional crustal reactivation on the Porgera 
Transfer Structure during regional shortening, or detachment and rotation of the limestone at the 
contact with the carbonaceous shale during shortening may account for the anomalous orientation 
of the limestone beds in the hangingwall of the surface mine. 
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22900 E and 2160 mRL - 2400 mRL) is overturned. No younging directions were 
observed in the hangingwall sediments of the underground mine. 
5.2.2 Folding in the Surface Mine -North of 11600 N 
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Bedding in the surface mine, north of 11600 N dips steeply S to SW, with some beds 
dipping N to NNE (Enclosure 3). Graded bedding on steep SSW-clipping units indicates 
younging to the north (overturned) as in the underground mine. Fold vergence 
relationships suggest this area forms part of the northern limb of a downward, SSW-
facing synformal anticline. A sketch of the folding of part of this area is shown in Figure 
5.3 . 
5.2.3 Folding in the Surface Mine at Approximately 22000 E, 11550 N 
Bedding at this location dips steeply S to SSW or gently N to NNE. An incipient 
cleavage and fold axial plane clip gently SSW (Enclosure 3). No younging indicators 
were observed in this area. The vergence relationship for the folds shown in Figure 5.4 
is opposite to that shown in Figure 5.3. 
5.2.4 Folding in the Surface Mine - West of 21900 E 
West of 21900 E, the carbonaceous shale dips steeply to the NNE and steeply SSE to SW 
(Enclosure 3). At 21840 E, 11418 N, a horizontal SSW-facing parasitic anticline is 
evident. The fold orientation is similar to that in Figure 5.4, and has opposite 
vergence to the fold in Figure 5.3, suggesting the folds form part of the southern limb of 
a downward, SSW-facing synformal anticline (Figure 5.5). 
5.2.5 Surface Mine Footwall 21900 E - 22000 E and Hangingwall 21800 E- 22200 E 
This area includes the remainder of the area mapped in the surface mine. Most bedding in 
this area dips SE or ESE with some of the beds dipping NNE as in other parts of the mine 
(Enclosure 3). An incipient fracture-cleavage dips at 40° - 60° ESE and is often difficult to 
discern when parallel to bedding (Figure 5.6). In some places, younging of the limestone 
to the SE has been observed, which indicates the limestone youngs upwards. Repetition 
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Figure 5.3 Cross-section sketch of part bf a high-wall in the surface mine at approximately 11680 N, 
showing deformation of the carbonaceous shale, syn-intrusion vein-like breccia and the relationship 
between (stage T) sulphide veins and.the intrusions. 
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Figure 5-4 Structure in the footwall carbonaceous shale, where an incipient fracture-cleavage is parallel to 
the axial plane of folding in this area. Vergence relationships here are opposite those in Figure 53. 
Note: The photograph is taken looking ESE whereas the sketch is reversed to look WNW 
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Figure 5.5 Downward, SSW-facing parasitic fold in footwall carbonaceous shale. The younging 
direction indicated is inferred from graded beds which are located approximately 35 m to the SW 
of the area shown above. The NNE-SSW shortening direction inferred from the orientation of these 
folds is parallel to the regional shortening direction. 
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Figure 5.6 Folding and intrusive relationships in the surface mine at 21950 E, t t 450 N, 2670 mRL. 
Bedding and cleavage dip to the SE. In other locations bedding youngs upwards (Enclosure 3). 
Folds ('?) at the carbonaceous shale - limestone contact may be part of an FA fold set. 
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of the carbonaceous shale - limestone succession occurs in the footwall and the 
hangingwall (see also Figure 4.4). Repetition of the sequence may be a result of folding 
or it may be due to faulting (thrusting), however, the presence of thrust faults has not 
been confirmed, although thrust faults have been mapped in Papuan Fold Belt near 
Porgera (Davies 1983) and may occur at the Porgera mine. 
The contacts between the carbonaceous shale and the limestone are para-conformable. At 
some contacts syn-intrusion or pre-mineralisation brecciation has destroyed the original 
contact relationships. In some cases the contact is well foliated or sheared, however 
shearing at the contact without significant displacement may have occurred as a result of 
folding, given the large competency contrast between the two rock types. Despite the 
competency of the limestone, open to tight folds with a wavelength of a few metres have 
formed during shortening (Figure 5.6 and Figure 5.7). 
5.3 Folding 
There are two orientations of folds which have been ide~tified at Porgera from the 
observations made in the mine environment. Timing relationships between the folds have 
not been determined from the available data since no cleavage overprinting relationships 
have been recognised. The two orientations of folds recognised at Porgera are NNE-
SSW-plunging (FA) and ESE-WNW-plunging (F8) (Figure 5.2). 
The FA folds (or thrusts ?) have caused repetition of the carbonaceous shale - limestone 
sequence. The FA folds are inferred from SE-dipping, upright limestone in the 
hangingwall of the surface mine, although no fold hinges (in situ) have been found 
(Figure 5.6 and Figure 5.7). Thrusting parallel to bedding and along limestone -
carbonaceous shale contacts probably occurred during shortening (Figure 5.8) is inferred 
from the bedding orientation of the limestone in the hangingwall of the surface mine. 
F8 folding has resulted in downward, SSW-facing, open to tight folds in the 
carbonaceous shale and limestone (Figure 5.9). Opposing vergence relationships related 
to these folds have been observed north of 11600 N (Figure 5.3) and south of 11600 N 
(Figure 5.4 and Figure 5.5) in the surface mine. These folds have an axial trace which is 
parallel to the regional WNW-ESE major fold orientation, indicating a NNE-SSW-
directed maximum principal stress (a1) during shortening. 
0 !Ocm 
Cleavage 
Figure 5. 7 Sketch (looking down-plunge) of folded limestone float in the surface mine. Although the 
limestone is a competent unit at Porgera, it has been folded in some places. A-type (Stage I) sulphide veins 
are parallel to the cleavage and axial plane of the folds. The A-type veins are undeformed indicating they 
formed after folding. 
~North 
--
--
--
___ - - - \ Folded Bedding-Parallel Surface 
-"'----------------\ ~ 
\ 
\ Thrust Fault Surfaces 
0 30m 
Figure 5.8 Orientation of FA folds (and thrusts ?) which are responsible for repetition of the 
carbonaceous shale - limestone sequence in the hangingwall of the surface mine. These folds 
have been inferred from the orientation of bedding in limestone which indicates folds that 
probably plunge shallowly NNE-SSW. Thrusting parallel to bedding near the limestone -
carbonaceous shale contact probably occurred during shortening of the limestone. 
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Figure 5.9 Structure of F8 downward, SSW-facing folds from the footwall of the Roamane Fault Zone 
at Porgera. The diagram of the upper limb is shown in Figure 5.4 and Figure 5.5 (2710 mRL) and a 
diagram of the lower limb is shown in Figure 5.3 (2670 mRL). The lower limb of the structure depicted 
above is also typical of the folding in the footwall of the underground mine. 
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Interference between the FA and F8 folding has also been observed in the surface mine 
(Figure 5.10), however in the absence of cleavage over-printing relationships it is not 
possible to determine the temporal relationships between the two fold orientations. 
S. 4 Models for Fold Development at Porgera 
Both the inferred FA and FB fold orientations may be the result of the same deformation, 
or alternatively, the two fold orientations may be a result of distinct deformation episodes. 
The later hypothesis is difficult to constrain tectonically as it would require two 
orthogonal shortening directions in a short period of time (10- 6 Ma). Two mechanisms 
for the development of the folds at Porgera are possible: 
1. Deep crustal(> 5 km depth) reactivation of the Porgera Transfer Structure during 
NNE-SSW regional shortening and transpressional strike-slip movement at depth may 
result in folding and thrusting (flower structure) in the near-surface environment 
(Ramsay and Huber 1987) (Figure 5.11). During periods of quiescence on the 
Porgera Transfer Structure at depth, the compression direction near the intrusive 
complex may become parallel to the regional shortening direction (NNE-SSW). This 
process may result in the formation of two mutually overprinting fold orientations 
(gently WNW-ESE plunging and gently NNE-SSW plunging). Similar orthogonal 
folds to those at Porgera have been mapped by Davies (1983) in the Darai Limestone 
adjacent to the Porgera Transfer Structure (Figure 5.11). 
2. The FA folds are inferred from SE-dipping bedding in the limestone in the hangingwall 
of the surface mine (Figure 5.2B), while the average dip in the carbonaceous shale is 
towards the SSW (Figure 5.2A), which reflects the predominantly WNW-ESE-trace 
(F8) of the folds in this unit. Therefore, the difference in the orientation of the FA and 
F8 folds may be a function of the lithology. The orientation of the limestone may have 
been caused by detachment and rotation from the carbonaceous shale as a result of the 
large competency contrast. Some sediments in the Papuan Fold Belt have undergone 
large rotations about a vertical axis since deposition (Klootwijk et al. 1993) and 
rotation about a vertical axis has also been inferred for the Porgera Intrusive Complex 
(Clark and Schmidt 1993, Clark et al. 1995) (Figure 3.5). Therefore, detachment and 
rotation of the limestone relative to the carbonaceous shale during shortening could 
explain the orientation of the limestone. This suggests that only one orientation of 
folding has developed at Porgera, which is parallel to the regional fold trend. 
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Figure 5.10 Interference between the FA surface and F0 folding at 22096 E, 11394 N, 2620 mRL, 
(hangingwall Roamane Fault Zone) in the surface mine. The temporal relationship between FA and 
F8 has not been determined due to a lack of cleavage overprinting, however all folding and thrusting 
at Porgera has occurred in a short period of time between 10 Ma and 6 Ma. 
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Figure 5.11 A: Map of part of the Wabag (SB/54-8) sheet showing the faults mapped by Davies (1983). 
The Porgera Intrusive Complex is adjacent to or within the Porgera Transfer Structure (Figure 4.12). Folds 
in the Papuan Fold Belt plunge gently WNW-ESE. Adjacent to the Porgera Transfer Structure, the folds 
plunge NNE-SSW. At Porgera, the limestone strikes NE (FA) while WNW-ESE plunging folds <Fs) form 
the major fold structure. B: Schematic interpretation of one possible process which may be involved in the 
formation of the folds at Porgera. During periods of deep crustal (greater than 5 km depth) movement on 
the Porgera Transfer Structure, NE-SW-plunging folds may develop as part of a transpressional flower 
structure which could be rotated anti-clockwise by the action of the Porgera Transfer Structure. During 
periods when the Porgera Transfer Structure is not active ESE-WNW plunging folds may form due to the 
NNE-directed shortening. Alternatively, the NE-dip of the limestone and carbonaceous shale adjacent to 
the limestone may be a result of rotation of the competent units during NNE-directed shortening. 
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6 DEFORMATION DURING MINERALISATION 
Process-derived models relating deformation, hydrothermal fluid flow and mineralisation 
are applicable to a wide range of geological environments and form the basis of 
understanding many aspects of the formation of hydrothermal mineral deposits. This 
section concentrates on: 
• The structural evolution and deformation processes of the Porgera area during and after 
emplacement of the Porgera Intrusive Complex. 
• Tectonic influences on the structural evolution. 
• Relationships and feedback between deformation, structure, changes in permeability, 
fluid flow and mineralisation. 
The location and description of samples collected for paragenetic analysis and detailed 
analysis of deformation mechanisms are listed in Appendix 3. Structural data collected 
during field investigations forms an important part of this section and is summarised in 
Appendix4. 
6 .1 Mineralisation at Porgera 
Table 6.1 lists the various styles of mineralisation identified at the Porgera gold deposit. 
Stage I and stage II mineralisation in Table 6.1 have been modified after Handley and 
Bradshaw (1986), Fleming et al. (1986), Richards et al. (199la) and G. Cameron (pers. 
comm.). 
6. 1.1 Pre- to Syn-Intrusive Copper-Rich Stockwork Mineralisation 
Pre- to syn-intrusive, stockwork vein mineralisation bas been identified in one location 
(22330 E, 11338 N, 2400 mRL) in the underground mine. Stockwork chalcopyrite + 
tetrahedrite/tennantite + pyrite) occurs with quartz + calcite + sericite + epidote in 
bornfelsic altered sediment which is adjacent to, and overprinted by a feldspar porphyry 
dyke (Figure 6.1). 
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Table 6. J Mineralisation types identified at Porgera. Stage I and stage II mineralisation modified after 
Handley and Bradshaw (1986), Fleming et al. (1986), Richards et al. (l99la) and Cameron (pers. comm.). 
Vein Type 
Syn-intrusion 
(pre-stage I) 
stockwork 
G 
Porphyry-related 
(?)(Figure 6.1) 
Structure 
Stockwork 
veins and 
stockwork 
Principal Ore 
Minerals 
chalcopyrite 
Accessory Ore 
Minerals 
Pyrite 
tetrahedrite I 
tennantite, pyrite 
Gangue 
Minerals 
quartz, cal.cite, 
sericite, epidote, 
siderite 
.. 4UIHIHIHtHIHIUllHll.IHll ... OHHl l ll l..,HN •ltlMtlltHUtlUtHHIUIHIHMIHIHllHllHIHllllllltHIUIHIUIHllUIHIHHllHIMHIHIH t HlfHIHlllHlllHI0 1tHll/HIHIHHllOHO.HOllllllOllOIU1llUlllHl l 
Stage I 
Mineralisation 
B 
A 
Stage II 
Mineralisation 
E 
c 
D 
disseminated, 
veins and 
stockwork 
veinlets, veins and 
rare breccia 
veinlets, veins and 
breccia matrix 
disseminated and 
veinlets ( crackl.e 
breccia) 
veins and breccia 
matrix 
auriferous 
arsenical pyrite 
auriferous 
arsenical pyrite, 
sphalerite, galena 
proustite/ 
pyragyrite, 
freibergite 
auriferous pyrite, 
marcasite 
auriferous pyrite, 
native gold 
sphalerite, galena 
arsenopyrite, 
pyrrhotite, 
freibergite, 
tetrahedrite/ 
tennantite, 
chalcopyrite, 
native gold 
pyrite, sphalerite, 
galena, 
tetrahedrite/ 
tennantite 
marcasite, 
chalcopyrite, 
tetrahedrite, 
sphalerite, galena, 
magnetite, 
haematite, Au-Ag-
Hg-Pb tellurides 
calcite, dolomite, 
sericite, quartz 
calcite, siderite, 
quartz 
calcite, dolomite, 
quartz 
dolomite, quartz, 
apatite 
quartz, roscoelite, 
calcite, dolomite, 
baryte, apatite, 
sericite 
.......................... . ................................................................................................. ! .................................................................................... . .............. . 
Post-Stage II 
Mineralisation 
F breccia matrix and 
in vughs after 
stage II 
mineralisation 
cal.cite, anhydrite, 
gypsum, baryte 
Figure 6.1 Pre- to syn-intrusive 
stockwork vein mineralisation. 
A. Anastomosing vein network 
sub-parallel to a feldspar 
porphyry dyke. The veins 
consist of chalcopyrite + 
tetrahedrite + pyrite with quartz 
+ calcite + sericite + epidote. 
Some brecciation and 
replacement of sediment during 
mineralisation is evident. 
B. Transmitted light photo-
micrograph of the veins shown in 
A. The feldspar porphyry at the 
bottom of the photograph 
overprints the vein indicating 
either the vein is early or the 
feldspar porphyry is late. The 
veins are layered and 
symmetrical about their centre 
indicating several stages of vein 
opening and mineralisation have 
occurred. Highly saline fluid 
inclusions with high homo-
genisation temperatures, identified 
by G. Cameron (pers. comm.) 
indicate this vein was probably 
formed during an early phase of 
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The pre- to syn-intrusion copper-rich veins may represent an early phase of mineralisation 
not previously identified at Porgera. The veins are symmetrical about the centre, 
indicating several pulses of fluid and several stages of vein opening are responsible for 
mineralisation. High salinity fluid inclusions (visible salt crystals at room temperature) 
with high homogenisation temperatures(> 300° C) have been identified by G. Cameron 
(pers. comm.). Fluid inclusions similar to these are associated with propylitic alteration, 
indicating that the copper-rich veins may have been precipitated at an early stage from a 
magmatic source. 
The dominance of copper-rich minerals (as in the early stockwork veins) with the absence 
of other base metal minerals and gold is unusual for veins at Porgera. Other types of 
mineralisation (B-type, A-type, E-type, C-type and D-type) are dominated by Fe, Zn and 
Pb sulphides, native gold, quartz and carbonate. The absence of significant amounts of 
copper mineralisation in the presence of the gold-rich mineralisation in the Porgera area, 
remains unexplained. The presence of a porphyry-related hydrothermal Cu± Au deposit 
may be inferred to explain the missing copper in the Porgera Intrusive Complex. The pre-
to syn-intrusion copper-rich veins found in the underground mine environment indicates 
this mineralisation does exist within the Porgera Intrusive Complex. Such a deposit may 
have formed within or near an unexposed stock which occurs to the NE of the 
underground mine at a depth of approximately 400 m below the surface (Logan 1993). 
6 .1.2 Post-Intrusion Vein Mineralisation 
Post-intrusive veins contains the bulk of the gold in the deposit. These veins include stage 
I (sulphide) veins which are single opening compositionally layered veins and stage II (D-
type) veins which consist of multiple layers of silicate-rich mineralisation which is 
punctuated by breccia or cataclasite, indicating multiple pulses of fluid are responsible for 
this mineralisation. 
Stage I veins consist of base metal sulphides in A-type and B-type veins. E-type veins 
may be the earliest of the stage Il veins (G. Cameron pers. comm.). Stage Il (C-type and 
D-type) mineralisation (silicate and carbonate dominated) overprints the stage I veins. C-
type veins are hosted by crackle breccia zones which are restricted to the surface mine. D-
type veins are responsible for the bulk of the high grade gold mineralisation in Zone VII 
and Zone VITA. Post-stage Il mineralisation (F-type) occurs as a matrix to breccia and 
fills vughs left after stage Il mineralisation. Large zones of this mineralisation occur in the 
underground mine and have been termed rubble zone by the PN geologists. F-type 
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mineralisation is composed of calcite, anhydrite and gypsum with lesser baryte which 
dilutes gold grades deposited during earlier stages of mineralisation. 
6. 2 Pre-Stage I, Vein-like (Unmineralised) Breccia 
A number of fractures which contain fragments of sediment and intrusion have been 
identified in the Porgera mine (Figure 6.2). The fractures vary in thickness up to 0.1 m, 
but are usually 20 - 30 mm wide, and contain sub-rounded to rounded fragments of 
unaltered to incipiently altered carbonaceous shale and altered fragments of intrusive 
which are cemented by fine-grained carbonaceous shale. The formation of these veins 
postdates phyllic alteration of the carbonaceous shale (altered sediment) (Figure 6.2A). 
This relationship indicates that the breccia has migrated from outside the altered sediment 
halo during vein formation. The breccia veins are in turn overprinted by stage I veins, but 
have not been visibly altered by the stage I mineralisation. The stage I veins are parallel to 
the breccia veins in many cases, and probably formed under a similar stress regime. 
A lack of alteration of the carbonaceous shale fragments, of the breccia veins indicates that 
a fluid near-equilibrium with the carbonaceous shale (G. Cameron pers. comm.) 
(Appendix 5) was responsible for the formation of the fractures and transport of the 
fragments from outside the altered sediment halo. Fluid pressures higher than the 
minimum principal stress (a3) would be required to form the extension fractures, mobilise 
the breccia fragments and transport the fragments over distances of tens to hundreds of 
metres (Figure 6.2B). 
6.3 Stage I (B-type and A-type) Mineralisation 
Stage I veins consist primarily of pyrite, sphalerite and galena with lesser arsenopyrite, 
tetrahedrite/tennantite, pyrrhotite and chalcopyrite. These veins may host gold grades up 
to 30 git. The gold is hosted as microscopic to sub-microscopic inclusions within pyrite 
(Handley and Henry 1990). Compositional layering is evident within the veins however, 
the absence of crack-seal structures in the veins indicates the veins are mineralised by a 
single stage of vein opening and are not influenced by episodic fluctuations in fluid 
pressure. Compositional layering is probably due to changing physical and chemical 
conditions during mineralisation. 
Figure 6.2 Brecciated 
carbonaceous shale + altered 
intrusive in veins which are 
parallel to and pre-date stage I 
mineralisation. These veins 
post-date quartz+ sericite 
alteration of the carbonaceous 
shale and have formed within 
the altered sediment halo (A) 
and within the intrusives (B). 
The formation of these veins 
within extension fractures and 
. the transport of the breccia 
over tens to hundreds of 
metres from source indicates 
high fluid pressure during 
formation. The carbonaceous 
shale breccia within the veins 
is unaltered or slightly altered, 
indicating a reducing fluid is 
responsible for the transport 
of the breccia within the veins. 
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Stage I veins are spatially associated with the intrusions and occur within 100 m of 
intrusive - sediment contacts or within the intrusions. Most of the known stage I veins in 
the Porgera Intrusive Complex occur near the current mine workings (underground and 
surface). Other known stage I vein occurrences are shown in Enclosure J, and include 
(Corbett 1980): 
• Wangima/Peruk to the east of the current mine. 
• Jez lode and Yambu lode at the northern edge of the Rambari intrusion (north of the 
surface mine). 
• MacKenzie Lode to the NE of Laiwin. 
• Ekonda lode in the northern part of the intrusive complex where there is a significant 
magnetic anomaly without many exposed stocks indicating the intrusions may be sub-
surface. 
6 . 4 Deposition of Stage I Mineralisation in Extension Fractures. 
Most of the stage I mineralisation has been deposited in extension fractures, some of 
which are horizontal. This indicates the stage I veins formed in response to high fluid 
pressures near the stocks (Figure 6.3A and Figure 6.3B). Sericite + carbonate alteration 
occurs around stage I veins in the stocks, altered sediment and limestone but not in the 
carbonaceous shale, indicating the fluid responsible for mineralisation during stage I was 
near-equilibrium with the carbonaceous shale (G. Cameron pers. com.). 
In some stage I veins, mineralisation has occurred as a matrix between angular breccia 
clasts of wall-rock (Figure 6.3C). The angular clasts in these veins may have formed by 
implosion, as a result of the action of vein opening which may accompany some shear on 
the fracture, however these veins are exceptional at Porgera. 
Conjugate, steeply dipping extension-faults containing stage I veins in the underground 
mine have been described by Standing (1994), but have not been found during this study. 
Slickensides adjacent to some of the stage I veins have been used by Standing (1994) to 
infer slip during stage I (conjugate) veining, however most of these slickensides were 
formed during stage Il (quartz+ calcite) mineralisation, adjacent to the stage I veins, and 
reflect later (oblique normal-dextral) movement associated with the Roamane Fault Zone, 
which is not associated with the stage I (sulphide) mineralisation (see section 6.11). 
Figure 6.3 Stage I (sulphide) veins from the Porgera mine. 
A. Steeply dipping A-type vein in hornblende diorite with a narrow selvedge of sericite + carbonate 
alteration. Late calcite + quartz is parallel to, and overprinting the stage I vein. 
B. Sheeted B-type veins in carbonaceous shale and incipiently altered shale. These veins have 
produced no visible alteration effect on the shale indicating they were deposited from a reducing 
hydrothermal fluid (G. Cameron pers. comm.). 
C. Stage I (A-type) vein, deposited during brecciation of the limestone host rock. The vein is filled 
with pyrite + sphalerite + galena and late quartz + late calcite. Breccia fragments in this sample are 
angular and may have formed by implosion of the wall rock into the vein during dilation. 
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6. S Sulphide Vein Orientation 
The orientation of stage I veins have been examined in detail in: 
• The surface mine, between 2580 m and 2710 m elevation (eastern end of the mine). 
• The underground mine (between 2180 mRL and 2400 mRL). 
Two hundred metres of vertical section (between 2400 m and 2580 m elevation) which 
exists between the underground and the surface mines from which no .representative data 
was collected due to lack of exposure. Stereoplots of stage I vein orientations are shown 
in Figure 6.4, Figure 6.5 and Figure 6.6. Table 6.2 summarises the orientations of the 
stage I veins shown in Figure 6.4, Figure 6.5 and Figure 6.6. 
The stage I veins in the underground mine are mostly steeply dipping (greater than 45°) 
and strike NNE. Some veins in the underground mine are shallowly-dipping, however 
these are exceptional. In the surface mine a bimodal population of mutually overprinting 
orthogonal stage I veins occurs, with veins dipping at 30° -45° SE and 45° - 60° NW. A 
change in the orientation of the minimum principal stress ( 0'3) direction is required to 
generate the orthogonal extension fractures which host the stage I mineralisation. The 
stress and fluid pressure conditions necessary for formation of extension fractures at 3 km 
depth indicates fluid pressure approaching lithostatic. For shallowly-dipping veins, which 
are found in the underground mine but are more numerous in the surface mine, fluid 
pressures in excess of the lithostatic load may be required to form the extension fractures. 
At a depth of 3 km, such a fluid pressure would be approximately 80 MPa. 
6. 6 Host Rock Dependent Variation in Sulphide Vein Orientation 
Altered sediment in the surface mine between 2710 mRL and 2580 mRL is a 
volumetrically minor rock type which includes contact altered and quartz + sericite + 
carbonate-altered carbonaceous shale. In the underground mine, the carbonaceous shale is 
altered to quartz + sericite + carbonate which has resulted in the altered sediment becoming 
significantly more competent than the unaltered equivalent. The stage I veins hosted by 
altered sediment, in the underground mine are plotted separately from the carbonaceous 
shale (Figure 6.6). In the surface mine, veins in altered sediment are plotted with those in 
carbonaceous shale (Figure 6.5). 
A clockwise change of vein strike in incompetent units can be seen in Figure 6.5 and 
Figure 6.6. In the underground mine the change in strike is approximately 15°. In the 
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surface mine the change of strike is 10-25° (Table 6.2). Refraction of stress trajectory 
orientations across rheologically different units is probably responsible for the observed 
difference in orientation of veins from competent to less competent rock types. 
Table 6.2 Summary of stage I vein orientations (dip/dip azimuth, relative to true north). 
Plane Strike n= 
ii ii 
This Study (Figure 6.5). 
Surface mine - All rock types - N (FW) 37/066 09/217 156 127 45 
Surface mine - All rock types - SE (HW) 34/122 56/272 002 032 16 
Surface mine - All rock types - SW(HW) 47/121 59/318 031 048 52 
PJV Geotech. (Figure 6.6) 
Surface mine - All rock types 41/109 54/317 019 047 595 
Surface mine - Stocks 36/106 52/322 016 052 328 
Surface mine- Limestone 47/111 55/314 021 044 195 
Surface mine - Carb. shale/Alt. sed. 35/136 551329 046 059 72 
PJV Geology (Figure 6.7) 
Upper levels - All rock types 86/106 016 761 
Upper levels - Stocks 811105 015 569 
Upper levels - Altered sediment 82/285 015 168 
Upper levels - Carb. shale 89/300 030 24 
6. 7 Depth Dependent Variation in Sulphide Vein Orientation 
Figure 6.5 (surface mine) and Figure 6.6 (underground mine) show the variation in 
orientation of stage I veins with depth. 
In the upper levels of the underground mine, the sulphide veins are mostly sub-vertical, 
striking NNE (Figure 6.6A). In the surface mine, the sulphide veins have a similar strike 
to those in the underground mine but dip 30° - 45° SE and 45° - 60° NW such that the 
angle between the two vein populations is approximately 90° (Figure 6.5A). The variation 
in dip of the sulphide veins in the underground mine and surface mine may be a result of a 
perturbed stress field which may exist around a competent mass (intrusive complex) in a 
less competent matrix (shale), (Figure 6.7). Perturbation of the stress field by the 
presence of the intrusive complex may explain why one set of veins in the surface mine 
dips at 45° - 60° NW. The other set of veins, which dip at 30° - 45° SE, may have formed 
during periodic flipping of the stress field in response to magmatic activity at depth in the 
Figure 6.4 Location and orientation of (stage I) sulphide veins in the surface mine. Equal area stereoplots are of 
poles to veins measured during this study. Stereoplots shown are with respect to true north. 
In the hangingwall (south) the stage I veins fonn a bimodal population hosted by extension fractures. The two 
sets of veins are at a high angle to each other (86° in the east and 75° in the west). In the footwall (north) are 
two dominant vein orientations. Some of these veins have centimetre-scale reverse offsets (Norman 1995} and 
are probably conjugates. 
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Figure 6.5 Equal area stereoplots of all veins measured in the surface mine by the mine geotechnical staff (PJV) (between 
2580 mRL and 2710 mRL). A shows all the data and 8, C and D break this data down according to host lithology. Each set 
of data is shown in raw form (upper) and as 1 % area plot (lower). The two main populations of veins shown on the 1 % area 
plots correspond to stage I veins. The two average planes plotted are separated by approximately 90", although there is 
considerable variation within the populations. Plots B and C are for veins in competent host rocks and D is for veins in less 
competent rocks. Note the change in orientation of the stage I vein populations in the less competent carbonaceous shale due 
to refraction of the stress across rocks of different rheology. 
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Figure 6.6 Equal area stereoplots of stage I veins measured by mine geologists (PJV) in the upper levels of the under-
ground mine (between 2280 mRL and 2360 mRL). A shows all the data and B, C and D break this data down according 
to host lithology. Each set of data is shown in raw fonn (upper) and as 1 % area plot (lower). The 1 % area plots show 
the data to have a single population with the average plane striking NNE and dipping steeply. Plots B and C are for 
veins in competent host rocks while Dis for stage I veins in less competent host rocks (carbonaceous shale). Note the 
change in orientation of the stage I vein population (change in orientation) in the Jess competent carbonaceous shale due 
to refraction of the stress across rocks of different rheology. 
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intrusive complex (Figure 6. 7 and Figure 6.8). Therefore, two states of stress existed 
during the formation of the stage I veins. 
1. During most of the stage I veining, the far-field stress consisted of a NW to WNW-
directed horizontal minimum principal stress ( 0'3) and a horizontal NE to NNE-directed 
maximum principal stress direction ( 0 1). A perturbed stress field around the intrusions in 
shale (Figure 6.7A) caused the stage I veins to have a near vertical dip in the underground 
mine and a NW to WNW-dip at shallower levels in the intrusive complex (surface mine). 
2. Flipping of the stress field generated extension fractures and stage I veins which dip 
gently SE to ESE at 30° to 45°. These veins are orthogonal to the other veins in the 
surface mine. Flipping of the minimum principal stress (a3) with the intermediate 
principal stress (OJ has occurred such that the minimum principal stress ( 0'3) is vertical 
during the formation of the more horizontal veins and the intermediate principal stress ( 0'2) 
is vertical during the formation of the steeper extension veins (Figure 6. 7B). This process 
may indicate that the magnitude of the minimum principal stress (a3) and the intermediate 
principal stress ( a2) were not very different during stage I veining. 
The horizontal NE to NNE intersection lineation between the two sets of stage I veins in 
the surface mine is sub-parallel to the NNE (027°) shortening direction which was present 
before mineralisation (during folding) at Porgera. The maximum principal stress (a1) 
direction during stage I mineralisation is tentatively correlated with the intersection 
lineation between the two sets of stage I veins in the surface mine (Figure 6.9). 
6. 8 Formation of Stage I Veins in the Northern Area of the Surface 
Mine (Footwall Roamane Fault Zone) 
In the northern part of the surface mine (footwall of the Roamane Fault Zone), 
carbonaceous shale and intrusion-hosted stage I vein populations have a different 
orientation from those in the rest of the mine. Here the veins form two populations which 
dip shallowly west (09/236) and shallowly east (37/085) (Figure 6.4). The angle between 
these two populations is approximately 45° (see also Figure 5.3). Norman (1995) 
identified centimetre-scale reverse offsets on some of these veins which indicates they 
were conjugates. The kinematic indicators suggest a horizontal ENE-WSW-directed 
maximum principal stress ( a 1) and vertical minimum principal stress ( a 3) during 
deformation and vein formation. 
Figure 6. 7 A. Stress fields around a competent mass in a less competent matrix. Stress perturbation 
such as this may occur around the stocks near the Porgera mine resulting in the formation of near 
vertical extension fratures in the underground mine and NW ~dipping extension fractures near the 
surface mine. B. A change in the orientation of the stress field is required to generate orthogonal 
tensile fractures while maintaining the same strike to the NW or NNW. Episodic periods of 
subsidence of the intrusive complex may have resulted in flipping of the stress field. 
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Figure 6.8 Schematic representation of the stage I sulphide (B-type and A-type) veins hosted 
by extension fractures. 
A Vertical and sub-vertical stage I veins (dipping 45° to 90°) striking NNE. 
B Horizontal and sub-horizontal stage I veins (dipping 0° to 45°) striking NNE to NE. A locally 
vertical minimum principal stress (cr3) is inferred for the sub-horizontal veins. This stress field 
may have been created by magmatic activity associated with the intrusive complex at depth. 
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Figure 6.9 Schematic representation of stage I veins (B-type and A-type), hosted by 
extension fractures. The inferred minimum principal stress ( cr3) direction was horizontal 
during the formation of the vertical fractures and the minimum principal stress ( cr3) 
direction is sub-vertical during the formation of the horizontal and sub-horizontal veins 
(Figure 6.8). The intersection lineation between the two vein sets is horizontal NNE to 
NE, parallel to the pre-mineralisation shortening direction. ANNE-directed maximum 
principal stress ( cr 1) direction which is inferred to have prevailed during shortening 
continued during stage I mineralisation, while the minimum principal stress ( cr3) 
direction changed periodically from horizontal WNW or NW, to sub-vertical. A sub-
vertical minimum principal stress direction may be a result of magmatic activity within 
the intrusive complex at depth. 
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6. 9 Stage Il: Deformation and Mineralisation Associated with the 
Roamane Fault Zone 
The macroscale, mesoscale and microscale structure of the Roamane Fault Zone has been 
analysed for indications of the relationships between the processes of deformation and 
mineralisation. Deformation processes associated with the Roamane Fault Zone have had 
a significant impact on the dynamics of fluid migration and the style of stage Il 
mineralisation. Key exposures mapped in the mine environment illustrate some of the 
fault processes and influences on mineralisation. The deformation history and mineral 
paragenesis of the fault zone is illustrated in the microstructures from the fault zone. 
Regional structural analysis by remote sensing and mapping of the structure in the mine 
environment provides an insight into the regional-scale and mine-scale significance of the 
Roamane Fault Zone. 
Deformation associated with the Roamane Fault Zone influences hydrothermal fluid flow 
and mineralisation by: 
• Generation of fracture networks which directly focus fluid flow and mineralisation by 
creating highly permeable fluid pathways during deformation. These fracture networks 
accelerate processes of fluid-rock and fluid-fluid interaction which are important for the 
destabilisation of gold and base-metal complexes. 
• Creating fluid pressure gradients within fault structures during deformation which 
control the rate of hydrothermal fluid flow and localise fluid flow. 
6 .10 Extent of the Roamane Fault Zone 
Figure 4.5 shows a SLAR image of the Wabag (1:250 000 scale) sheet area and an 
interpretation of the structural discontinuities. The Roamane Fault Zone at Porgera has 
many parallel linears in the Wabag sheet area One such structure occurs near the Mt. 
Kare gold deposit to the SW of Porgera From this interpretation of the SLAR image it is 
suggested that the Roamane Fault Zone is a structure which extends beyond the Porgera 
Intrusive Complex. An interpretation of airborne magnetic data flown in 1985 (Figure 
1.2) also indicates that the Roamane Fault Zone and parallel structures, extend beyond the 
Porgera Intrusive Complex. 
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6 .11 Structure and Movement on the Roamane Fault Zone 
The Roamane Fault Zone has many subsidiary faults and fractures within the mine 
environment (Figure 6.10). The orientation of the fault - slip planes and the slip plunges 
for the various components of the Roamane Fault Zone measured in the mine during this 
study are shown in Figure 6.11 . All of these components of the Roamane Fault Zone host 
stage II (D-type) mineralisation (Figure 6.12). 
The principal displacement zone consists of foliated carbonaceous shale and a breccia and 
cataclasite unit in the immediate footwall (and immediate hangingwall in some locations) to 
the foliated shale (footwall breccia) which is up to 5 m thick. The principal displacement 
zone dips 60° - 75° SSE (Figure 6.1 JA). The matrix to the footwall breccia and cataclasite 
is dominated by quartz, calcite, roscoelite and pyrite (stage m mineralisation and forms 
the main ore-zone (Zone VIl and VIIA of Handley and Bradshaw 1986) associated with 
the Roamane Fault Zone. The foliated carbonaceous shale of the principal displacement 
zone displays an asymmetric foliation, similar to S-C structures in mylonites. This 
foliation indicates dip-slip normal movement. Dilational jogs, extensional shear bands and 
slickensides associated with the stage II mineralisation in the footwall breccia indicate dip-
slip normal movement and normal-dextral movement during stage II mineralisation 
(Figure 6.1 JA). 
Subsidiary faults strike SW-NE to E-W to ESE-WNW, and splay from the principal 
displacement zone. These subsidiary faults often host breccia and stage II (D-type) 
mineralisation which is very similar to the footwall breccia mineralisation adjacent to the 
principal displacement zone. The subsidiary faults are most numerous in the footwall in 
the underground mine and also occur in the hangingwall in the upper levels (above 2280 
mRL) of the underground mine, In the surface mine the splays are mineralised in the 
hangingwall and also occur unmineralised in the footwall. Dilational jogs and slickensides 
associated with the splay faults indicate dip-slip normal movement, oblique normal-
sinistral movement and oblique normal-dextral movement during stage II mineralisation 
(Figure 6.1 JB-E). 
Vertical and sub-vertical fault-fracture networks strike ENE-WSW and also splay from the 
principal displacement zone in the footwall and hangingwall (Figure 4.8). These fracture 
systems occasionally consist of carbonaceous shale gouge and often host breccia and stage 
II (D-type) mineralisation. Vertical fractures in the footwall of the underground mine host 
stage II mineralisation which contains hundreds to thousands of grams per tonne of gold. 
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Figure 6.11 Equal area stereoplots showing the orientation and kinematics of the components of the Roamane 
Fault Zone in the Porgera gold mine. 
A. The principal displacement zone and footwall breccia. The poles to the fault plane are measured from the 
contact of the foliated shale with the footwall breccia. The average fault plane depicted is 68/158. Normal slip 
plunges are mesured from the asymmetry of the foliation in the shale and secondary structures in the footwall 
breccia. Stage II (D-type) mineralisation occurred during normal movement. The oblique norrnal-dextral to 
dextral slip plunges are measured from slickensides on the fault planes. Some oblique norrnal-dextral movement 
may have occurred during stage II mineralisation. Dextral strike-slip movement occurred after stage II 
mineralisation. An early foliation in the footwall breccia has been identified in thin section, however no 
kinematics have been determined due to the stage II mineralisation overprint. 
B. Subsidiary faults with the same strike as the principal displacement zone. Some northward dipping faults 
may be conjugates to the principal displacement zone. Fault kinematics are measured from sliclcensides, some 
of which indicate growth directions. Nonnal movement occurred during stage II mineralisation. Oblique 
nonnal-dextral movement occurred syn- to post-stage II mineralisation. Dextral strike-slip movement occurred 
during late carbonate and sulphate mineralisation. 
C . NE-SW-striking splay faults. These faults have similar kinematics to the E-W-striking splay faults (D and E). 
Normal movement is measured from fault jogs and occurred during stage II mineralisation. Oblique normal-
dextral movement occurred syn- to post-stage II mineralisation and is measured from slickensides. Dextral strike-
slip is also measured from slickensides and occurred during late carbonate and sulphate mineralisation. 
D and E. E-W-striking splay faults. These faults are particularly numerous in the footwall of the underground 
mine and the hangingwall of the surface mine. They have been split into SW-dipping (D) and NE-dipping (E) 
sets to simplify the stereoplots. Normal fault movement occurred during stage II mineralisation and is measured 
from dilational jogs. Oblique normal-dextral movement on the SW-dipping splays and oblique normal-sinistral 
movement on the NE-dipping splays occurred syn- to post-stage II mineralisation. These fault slips are measured 
from slickensides, some of which indicate growth directions. 
F. Sub-vertical fault-fracture splays measured from the footwall and hangingwall. The slip plunges are measured 
from offsets, jogs and slickesides from the M126 footwall fault-fracture splay which dips sub-vertically to steeply 
south (80° -90°). The offsets and jogs on this fracture system indicate a minor amount of normal movement (south 
side down). Steeply north dipping fractures (such as the average plane depicted at 85/345) indicate a slight 
component of reverse movement (also south side down). 
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Figure 6.12 Equal area stereoplots showing the orientation of faults and veins which host stage II 
(D-type) mineralisation in the upper levels (2280 - 2360 mRL) of the underground mine. The upper 
plot shows poles to veins (n = 1075) and the lower plot shows a 1 % area plot of the same data. Most 
of the veins measured are E-W striking splay faults which has resulted in a bias in the 1 % area plot 
towards this orientation. The bulk of the stage II mineralisation (Zone VII and VIIA) is hosted by 
the footwall breccia unit which dips steeply towards the SSE in the immediate footwall of the 
principal displacement zone. 
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The small displacements on these fault-fractures are consistent with nonnal movement on 
the principal displacement zone (Figure 6.11 F). 
Dextral strike-slip movement occurred on the Roamane Fault Zone after stage II 
mineralisation and during the deposition of calcite, gypsum and anhydrite (F-type 
mineralisation). Dextral strike-slip movement during this late mineralisation is inferred 
from slickensides in late calcite veins which formed within the Roamane Fault Zone 
adjacent to the principal displacement zone. Late slickensides on the splay fault surfaces 
also indicate strike-slip movement. 
6 .12 Deformation Processes on the Roamane Fault Zone 
For the purposes of this study, the Roamane Fault Zone in the mine environment, has 
been divided into several structural components, all of which host stage II (C-type and D-
cype) mineralisation. Each of the components of the Roamane Fault Zone is discussed 
with a view to understanding the deformation processes and influence of the structure and 
deformation on mineralisation. Some conclusions can then be drawn about the origins of 
the Roamane Fault Zone, the processes occurring during deformation and mineralisation 
and the significance of the fault zone to mineralisation. 
6.12. l Principal Displacement Zone and Footwall Breccia 
The principal displacement zone of the Roamane Fault Zone consists of a I - 3 m wide 
zone of strongly foliated carbonaceous shale and a 1 - 5 m thick zone of brecciated altered 
sediment, carbonaceous shale and intrusions in the immediate footwall to the principal 
displacement zone (footwall breccia), (Figure 6.13). Outside the principal displacement 
zone, the carbonaceous shale may be fractured or brecciated but contains no pervasive 
foliation. The foliated carbonaceous shale consists of puggy, shale gouge and deformed 
calcite veins which display asymmetry in the foliation, which indicates dip-slip normal 
movement on the fault (Figure 6.14). In some locations in the mine, the principal 
displacement zone passes through intrusions and the foliated shale gouge appears to have 
been intruded into the fault during deformation. This indicates that the shale gouge is 
highly incompetent and is easily mobilised during deformation. 
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Figure 6.13 Sketch with sample locations, of the Roamane Fault Zone, principal displacement zone and 
footwall breccia at 22375 E, 11285 N, 2220 mRL. The footwall breccia is host to the largest single 
concentration of stage II (D-type) mineralisation at the Porgera gold deposit. The principal displacement 
zone, cataclasites and vein arrays from the footwall breccia preserve nonnal fault movement on the 
Roamane Fault Zone during stage II mineralisation. The late calcite vein was deposited during dextral 
strike-slip on the Roamane Fault Zone. 
Figure 6.14 Foliated carbonaceous shale defines the principal displacement zone of the Roamane 
Fault Zone. The foliated shale forms a discrete zone which is usually 1 to 2 metres wide in the 
underground mine where it is adjacent to the footwall breccia (Zone VII and VIIA). Outside Zone 
VII and VIIA, the principal displacement zone is less well defined. The asymmetry to the foliation 
in the shale indicates normal movement. 
6 Defonnation During Mineralisation Page 117 
The footwall breccia and cataclasite is where the bulk of the high-grade (stage II) gold 
mineralisation occurs in the deposit. This mineralisation occurs as a matrix between 
angular to sub-rounded clasts of intrusive and altered sediment with rarer clasts of 
carbonaceous shale. The defonnation history and mineral paragenesis of the footwall 
breccia is summarised in Table 6.3. Not all cycles of mineralisation in the footwall breccia 
are listed here. 
Table 6.3 Deformation history and mineral paragenesis of the footwall breccia. 
Deformation 
A. Multiple, fault-related episodes of cataclasite 
formation with well rounded fragments. 
Formation of a foliation in the cataclasite in some 
places. 
B. Episodic dip-slip normal fault movement and 
multiple episodes of brecciation with formation of 
angular to sub-rounded fragments and stage II 
mineralisation in the matrix. 
Mineralisation 
Fault-slip/Brecciation ~quartz+ pyrite. Some 
pyrite has been partially replaced by later quartz + 
calcite. 
Stage II (D-type) mineralisation. 
Brecciation ~ Lattice calcite (partially or 
completely replaced by quartz) ~ lhin layer of 
roscoelite ~ Quartz + roscoelite. 
Brecciation ~Pyrite+ native gold+ roscoelite + 
sphalerite (rare). Gold occurs within pyrite and is 
occasionally visible with roscoelite. 
Brecciation ~Quartz+ roscoelite (with quartz 
pseudomorphs after calcite in some areas) ~ 
calcite. 
Multiple cataclasite laminae and re-brecciated breccia (Figure 6.15A) indicate repeated 
episodes of brecciation and mineralisation in the f ootwall breccia. Extensional shear 
bands and sub-vertical veins suggest nonnal fault movement during stage II (D-type) 
mineralisation. 
Some early foliated cataclasite is apparently unrelated to (stage II) mineralisation but is 
accompanied by quartz + pyrite mineralisation. Subsequent fault movement has brecciated 
the early foliated gouge and is associated with stage II (D-type) mineralisation (Figure 
6.JSB-C). 
Pyrite deposited with the early cataclasite may be partially replaced by later calcite + quartz 
mineralisation (Figure 16B-C). Similarly, pyrite+ sphalerite from a stage I (A-type) vein 
is partially replaced by quartz+ roscoelite (Figure 6.16A). Dissolution of sulphides may 
have occurred in response to decreasing pressure (G. Cameron pers. comm.). 
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Breccia with a stage II (D-type) quartz + roscoelite + pyrite + native gold matrix dominates 
the footwall breccia. The paragenesis shown in Figure 6. l 5C is typical of much of this 
mineralisation. A thin layer of fine-grained roscoelite and recrystallised quartz occurs 
around many of the breccia fragments. The roscoelite + quartz paragenesis is repeated 
several times and is punctuated by cataclasite and breccia fonnation, indicating episodic 
pulses of fluid flow accompanying brecciation, during stage II mineralisation. Pyrite (and 
rare sphalerite) occurs with some of the roscoelite layers. Native gold is closely 
associated with the pyrite or roscoelite. 
Laths of recrystallised quartz (after bladed, or lattice calcite) occur with some of the 
roscoelite layers. In some areas, quartz partially replaces the lattice calcite (Figure 6. l 6B). 
In many cases roscoelite has been deposited around the edge of the lattice calcite mass. 
The lattice calcite was probably deposited in response to fluid pressure decrease and phase 
separation. Replacement of the lattice calcite by quartz may have occurred during 
subsequent fluid pressure increases or temperature decreases (Fournier 1985). The lattice 
calcite has been deposited at the beginning of some of the cycles of stage II mineralisation, 
indicating a pressure decrease occurred immediately after some of the brecciation events, 
which may be related to rapid fault-slip. 
A breccia in the centre of the f ootwall breccia which has been tenned pebble breccia by the 
Porgera mine geologists due to the pebble-like appearance of the pyrite mineralisation. 
The pebble breccia consists of fragments of wall-rock or fragments of quartz + roscoelite 
mineralisation which are overgrown by concentrically banded, accretionary pyrite, such 
that the pyrite forms spheres around the breccia fragments (Figure 6.16C). Some of the 
spheres have and been overgrown with pyrite, and others have been fractured. The pyrite 
layers host significant quantities of native gold and may be equivalent to the pyrite + native 
gold + roscoelite layers which occur elsewhere in the footwall breccia. The matrix to 
these spheres consists of quartz+ roscoelite +pyrite (D-type). This texture probably 
formed by suspension of the fragments in a rapidly upward flowing fluid during 
mineralisation. Rapid fluid flow is required for suspension of the fragments and pyrite 
spheres in the hydrothermal fluid during mineralisation (see section 7.2). 
Figure 6.15 Structure and mineralisation associated with repeated episodes of deformation of the 
footwall breccia adjacent to the principal displacement zone of the Roamane Fault Zone. 
A Footwall breccia shown in Figure 6.13. Early cataclasite (dark colour) is rebrecciated during stage 
II (D-type) mineralisation. Normal fault movement is indicated by offsets of earlier cataclasite. 
B and C Transmitted and reflected thin section images (polarised light) show an early cataclasite from 
the footwall breccia which contains quartz + calcite + pyrite, re-brecciated with significant stage II (D-
type) mineralisation. Pyrite associated with the early foliation and cataclasite is partially dissolved and 
replaced by quartz during stage II mineralisation. 
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Figure 6.16 Stage Il (D-type) mineralisation associated with the footwall breccia. 
A Transmitted and reflected (polarised light) microscope image of stage I (A-type) pyrite+ sphalerite 
mineralisation which is partially resorbed and replaced by stage II, quartz + roscoelite mineralisation. 
B Polarised, transmitted light microscope image of lattice calcite which is partially replaced by quartz. 
Where it occurs, lattice calcite is the first stage II mineral to be precipitated. The lattice calcite formed 
due to pressure decrease, induced by fault rupture. Roscoelite follows calcite mineralisation. 
C Concentrically banded, accretionary pyrite (pebble breccia) which formed during stage II 
mineralisation in the core of the Roamane Fault Zone. These textures formed by suspension of the 
fragments in an upward moving fluid. 
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6.12.2 Subsidiary Splay Faults in the Underground Mine 
The subsidiary splay faults in the underground mine (between 2180 mRL and 2400 mRL) 
occur within 100 m of the principal displaGement zone in the footwall and within 50 m of 
the principal displacement zone in the hangingwall (Figure 6.10). Splay faults in the 
footwall and hangingwall have similar orientations. Generally however, mineralised 
footwall splay faults are prevalent throughout the underground mine, whereas the 
hangingwall splay faults are more prevalent in the upper levels of the mine (above 2250 
mRL). 
Individual splay faults may be up to I m wide and 100 m long. During deformation, the 
splay faults may have been interconnected, enabling fluid flow over several hundreds of 
metres. Offsets of earlier veins, slickensides and vein arrays indicate that the splay faults 
had a similar kinematic history to the principal displacement zone, with dip-slip normal 
movement during stage II mineralisation, followed by oblique normal-dextral movement 
and late dextral strike-slip movement (Figure 6.11). Displacements of less than 1 m have 
occurred on most splay faults (Figure 6.17, Figure 6.18 and Figure 6.19) while 
displacements of less than 5 m have occurred on larger splay faults. 
The splay faults in the underground mine host stage II (D-type) mineralisation which is 
similar to the footwall breccia. The deformation history and mineral paragenesis of these 
structures is shown in Table 6.4. 
Injection of veins of cataclasite into the wall-rock has occurred during slip on the splay 
faults. Injection cataclasite associated with the splay faults and stage II mineralisation 
(Figure 6.20A-B) is a good indication of sudden fault-failure accompanying mineralisation 
of these structures. 
Much of the stage II mineralisation in the splay faults occurs as a matrix to multiple layers 
ofbreccia and cataclasite (Figure 6.20C) indicating the subsidiary splay faults were 
subject to repeated episodes of fault-slip, brecciation and mineralisation. Implosion 
breccia occurs in dilational jogs (Figure 6.17 and Figure 6.19) and on dilatant faults and 
vein systems (Figure 6.21 and Figure 6.22) associated with the splay faults. Implosion 
breccia textures such as these are produced as a result of rapid pressure decrease within 
the vein following rapid fault-slip (Sibson 1985, 1986, 1987) (Figure 6.22 and Figure 
6.23A). 
Breccia and Cataclasite with 
Stage II Mineralisation 
' Altered Sediment 
0 0.5m 
Figure 6.17 l\.1ultiple episodes of brecciation and stage II mineralisation associated with a subsidiary 
footwall splay fault. Injection cataclasite with stage II mineralisation in Sample PSM133A from this 
splay fault suggests rapid fault-slip accompanying stage II mineralisation. Lattice clacite in the stage 
II mineralisation suggests a pressure decrease accompanied the opening of the dilational jog. Normal 
displacement during the latest slip c\·cnt is less than 0.5 m. 
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Figure 6.18 Small subsidiary splay fault in the footwall of the Roamane Fault Z.One. The total 
displacement on this fault is approximately 0.25 mas indicated by the offset on the earlier stage I 
Yein. The small displacement on this subsidiary fault is typical of many of these faults. 
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Figure 6.19 Dilational jog formed during nonnal movement on a subsidiar)' splay fault in the footwall of 
the Roamane Fault Zone. Both the fault and the jog host stage II (D-type) mineralisation. Implosion of 
wall-rock fragments occurred as a result of sudden fluid pressure decrease within the jog created during 
slip. The total amount of slip on this fault is estimated to be approximately 0.25 rn. 
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Lattice calcite (Figure 6.23B) or calcite + quartz within the stage Il mineralisation (Figure 
6.23C) indicates a pressure reduction and phase separation has occurred during 
mineralisation, shortly after (and in response to) fault-slip . 
Table 6.4 Deformation history and mineral paragenesis of the subsidiary splay faults in the underground 
mine. 
Deformation 
A. Multiple episodes of slip resulting in 
cataclasite formation in the host rock. Early 
cataclasite is apparently not associated with stage 
n mineralisation . 
Mineralisation 
Fault-slip/Brecciation--+ quartz+ calcite (some 
square pseudomorphs of recrystallised quartz (after 
calcite?). 
. Dip-slip normal movement during stage II Stage II (D-type) mineralisation 
mineralisation. Brecciation followed by stage IT Brecciation --+ calcite + quartz + roscoelite ± 
mineralisation. Injection cataclasite and implosion pyrite. 
brecciation accompanying rapid fault-slip. Brecciation--+ calcite (including lattice calcite) or 
quartz --+ roscoelite --+ quartz + roscoelite + pyrite 
± arsenopyrite ± baryte ± sphalerite ± galena ± 
magnetite± haematite± native gold (this stage 
may be repeated several times)--+ quartz 
(occasionally chalcedonic) +calcite. 
6.12.3 Subsidiary Splay Faults in the Surface Mine 
Subsidiary splay faults in the surface mine (above 2400 mRL) occur in both the 
hangingwall and the footwall of the Roamane Fault Zone. The splay faults in the footwall 
are characterised by foliated carbonaceous shale which may occur in zones up to 0.5 m 
wide. Breccia or cataclasite occurs with minor calcite mineralisation in some of the 
shears, however there is no alteration of the carbonaceous shale. Displacement on these 
faults is difficult to determine due to a lack of marker horizons in the carbonaceous shale. 
The deformation history and stage II mineral paragenesis (Table 6.5) of the splay faults in 
the surface mine is similar to the splay faults in the footwall of the underground mine, 
however generally the splay faults have lower gold grades in the surface mine. The splay 
faults in the surface mine have a similar orientation and kinematic history to the splay 
faults in the underground mine. 
Figure 6.20 A Injection cataclasite from the subsidiary footwall splay fault shown in Figure 6.17. 
B Injection cataclasite from a subsidiary footwall splay fault near the principal displacement zone. The 
formation of these injection cataclasites is an indication of rapid fault-slip on the splay faults. 
C Multiple episodes of brecciation and stage II mineralisation, indicate the footwall splay faults were 
subject to repeated episodes of fault-slip, brecciation and (stage II) mineralisation. 
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Figure 6.21 Dilational jog formed during normal slip on this subsidiary splay fault in the foot\\'all of 
the Roamane Fault Zone. Jmplos1on of fragments of wall-rock into Lhe more dilatant parts of the fault 
has occurred during fault slip. 
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Figure 6.22 Some splay faults in the underground mine such as this one, contain angular fragments which 
suggests that the vein formed by implosion due to a sudden decrease in the fluid pressure (Sibson 1985, 
1986, 1987) (A) associated with normal slip on the Roamane Fault Zone. The sketch Bis of part of the 
Yein shown in the photograph. The breccia fragments in the Ycin are highly angular and may have 
collapsed from the wallrock without significant rotation during vein opening. This suggests that little 
displacement has occurred across the vein and fluid flll"\ during (stage II) mineralisation was not high 
enough to disrupt the breccia fragments after implosion. Lattice calcite in the stage II mineralisation 
indicates a pressure decrease accompanying vein opening. 
Figure 6.23 A Angular breccia fragments which are interpreted to have formed by implosion as a 
result of rapid fault-slip, immediately prior to stage II mineralisation. 
B Lattice calcite or, C calcite(± quartz) (vein shown in Figure 6.22) is the first stage II mineral phase 
to be precipitated in many fractures or breccia-filled veins. Lattice calcite indicates a significant fluid 
pressure decrease has occurred as a result of fault-slip. In C, calcite(± quartz) contains little gold, but 
is followed by roscoelite +quartz~ quartz+ roscoelite +pyrite which contains native gold. 
6 Deformation During Mineralisation Page 130 
Splay faults in the surface mine have small displacements (less than 5 m). Injection 
cataclasite associated with the splay faults in the surface mine indicates rapid fault-slip 
during mineralisation (Figure 6.24A). 
Stage II (C-type) mineralisation in the surface mine splay faults is restricted to the 
hangingwall and is spatially associated with a hornblende diorite stock. The splay faults 
in the stock consist of multiple generations of cataclasite and zones of stockwork stage II 
mineralisation which are up to 3 m wide. These zones have been termed crackle breccia 
by the mine geologists. The crackle breccia was termed C-type (Table 6.1) by earlier 
workers (Handley and Bradshaw 1986, Fleming et al. 1986). The hangingwall splay 
faults are also host to polymict breccia which is strongly silicified. The breccias consist of 
angular to sub-rounded clasts of stage I (A-type) mineralisation, limestone, carbonaceous 
shale and intrusive. Where the hornblende diorite hosts the hangingwall splay faults, 
severe alteration of the wall-rock occurs (sericite +calcite+ quartz). Where the limestone 
and carbonaceous shale host the splay faults, little wall-rock alteration is evident. The 
width of the alteration zone in the stocks is highly variable (between 0.1 m and 5 m) 
around a single fault. 
Surface mine splay fault-hosted (C-type) veins outside the hornblende diorite contain 
angular to sub-rounded polymict clasts with quartz + calcite and lesser pyrite + roscoelite 
mineralisation, and contain lower gold grades than similar veins within the stocks (Figure 
6.24B-C). In some locations C-type veins in incipiently altered carbonaceous shale near 
the hornblende diorite has some quartz + roscoelite mineralisation (stage 11) which contain 
higher gold grades. 
Table 6.5 Deformation history and mineral paragenesis of the subsidiary splay faults in the surface mine. 
Deformation Mineralisation 
A. Shear foliation in faults, overprinted by stage Fault shear~ (quartz+ calcite?+ pyrite?). 
n mineralisation. 
B. Multiple episodes of brecciation, cataclasite 
and stage II mineralisation. Exploded breccia 
texture associated with mineralisation suggests 
explosion or implosion of host rock in dilational 
parts of the fault zones. 
Stage II (C-type/D-type) mineralisation 
Brecciation ~ quartz ~ quartz + calcite ± pyrite ± 
roscoelite. (This sequence of mineralisation may 
be repeated several times). 
Brecciation ~ quartz + calcite. 
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Most of the clasts in the breccia and cataclasite of the hangingwall splay faults are angular 
to sub-rounded (Figure 6.24B-C). In the absence of any evidence for displacement on the 
splay faults greater than a few metres, it seems probable that the clasts have been variably 
rounded by attrition in a moving hydrothermal fluid. Some angular clasts, however, have 
an exploded Gig-saw) texture which may indicate implosion associated with fault-slip. 
Early cataclasite in the splay faults is associated with quartz+ pyrite+ calcite (Table 6.5). 
This cataclasite is overprinted by later layers of cataclasite and stage II mineralisation 
(Figure 6.25A). In the sample shown in Figure 6.25B, several parallel slip surfaces are 
present which were probably active during different slip events on the splay fault. In 
detail, each of these slip surfaces is composed of several layers of cataclasite (Figure 
6.25C), indicating episodic fault-slip on these subsidiary splays. 
The processes of deformation are similar in the hangingwall splay faults of the surface 
mine as in the splay faults in the underground mine. In both areas, normal movement 
occurred on the faults during stage II (C-type and D-type) mineralisation. The main 
difference is in the proportions of roscoelite + pyrite + native gold in the two vein types. 
In the underground mine the splay faults are richer in roscoelite + pyrite + native gold, 
which occurs as discrete layers within the veins in most cases. The hangingwall splays in 
the surface mine are richer in quartz + calcite mineralisation. Most of the roscoelite + 
pyrite in these veins is disseminated within the quartz + calcite mineralisation. Gold 
deposition in the splay faults of the surface mine is spatially associated with hornblende 
diorite, indicating a host rock control on gold deposition which may be related to wall-
rock geochemistry. The host-rock is apparently less important in the underground mine 
where the gold grade in the vein is independent of host-rock lithology. 
6.12.4 Vertical and Sub-Vertical Fault-Fractures in the Footwall of the Underground 
Mine 
Vertical and sub-vertical subsidiary fault-fractures associated with the Roamane Fault 
Zone are ENE-WSW-striking and host high-grade stage II (D-type) gold mineralisation. 
These structures are distinct from the E-W-striking subsidiary splay faults by virtue of 
their orientation. The sub-vertical fracture systems, have small total displacements (less 
than 1 m) that are consistent with normal movement on the principal displacement zone 
and footwall breccia zone (Figure 6.26 and Figure 6.27). Some sub-vertical fractures are 
closely associated with the E-W striking footwall splay faults and may have been 
connected during deformation, which may have allowed fluid conduction over larger 
L' igure 0.24 
Injection of the cataclasite into the wall-rock indicates rapid fault-slip. This cataclasite is overprinted 
by breccia with a quartz + calcite matrix. 
B Polymict, matrix supported breccia from a subsidiary hangingwall splay fault. The clasts consist of 
brecciated stage I (A-type) vein, carbonaceous shale and limestone wall-rock. Multiple brecciation and 
mineralisation events are associated with movement of this fault. 
C Transmitted light photomicrograph of a polymict breccia. Angular clasts are associated with the 
most recent slip event, while the more rounded clasts have experienced multiple episodes of brecciation 
and re-mineralisation. 
Figure 6.25 Episodic fault-slip, brecciation and stage II mineralisation. A Transmitted light 
photomicrograph of earlier stage II mineralisation, overprinted by quartz + pyrite-rich cataclasite. 
B Each slip plane in this sample of a subsidiary hangingwall splay fault are each made up of multiple 
layers of cataclasite (C) created during episodic fault-slip. The view shown in C records at least three 
separate slip events which are associated with stage II (C-type) mineralisation. 
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vertical intervals. Approximately 50 m from the principal displacement zone, in the 
footwall of the Roamane Fault Zone (between 2220 mRL and 2250 mRL) is a ENE-
striking vertical fracture system (the M126 fracture) (Figure 6.26, Figure 6.27) which can 
be traced from 2190 mRL to 2310 mRL. Above 2310 mRL, the fracture network merges 
with the footwall breccia adjacent to the principal displacement zone (Figure 4. 7). 
Deformation and mineralisation associated with the sub-vertical fault-fractures in the 
footwall of the underground mine is shown in Table 6.6. Multiple episodes of brecciation 
and stage II mineralisation are recorded in these structures. Initially stage II mineralisation 
in the fractures was dominated by quartz + pyrite, however later pyrite + roscoelite + 
native gold mineralisation has resulted in the high gold grades in these veins (Figure 
6.28A). 
Many of the breccia textures in the sub-vertical fractures are suggestive of implosion of the 
wall-rock fragments in response to fracture-opening associated with rapid fault-slip, with 
little displacement or rotation of the individual fragments having occurred (Figure 6.28B). 
Table 6.6 Deformation history and mineral paragenesis for the ENE-striking sub-vertical fractures in the 
footwall of the underground mine. 
Deformation Mineralisation 
Rounded to sub-angular breccia fragments. Since Stage 11 (D-type) Mineralisation. 
only minor displacements on the fractures has Brecciation --+ quartz + pyrite. 
occurred, rounding of the fragments may have been 
by attrition in the hydrothermal fluid. 
Angular to sub-rounded clasts and some apparent 
implosion of wall-rock fragments from the sides of 
the fracture. 
Brecciation --+ Lattice calcite (pseudomorphed by 
quartz) --+ quartz + roscoelite. 
Brecciation--+ quartz (some chalcedonic) + 
roscoelite + pyrite + native gold + magnetite --+ 
quartz + calcite. 
A significant fluid pressure decrease and phase separation within the sub-vertical fractures 
is implied by the presence of lattice (bladed) calcite, which is the first mineral deposited 
after brecciation in some of the cycles of mineralisation (Figure 6.28C). This initial 
mineralisation is followed by (stage II) quartz+ roscoelite +pyrite+ native gold (Figure 
6.28C, Figure 6.29A) . 
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Figure 6.26 Sub-Yertical fault-fracture network in the footwall of the underground mine. Some 
SE-dipping veins have small normal offsetc;. This fracture system is a splay from the principal 
displacement zone which formed during nom1al moYemcnt. Layered stage II pyrite+ natiYe gold+ 
roscoelite mineralisation around clasts in the fractures shows some similarity with the pebble 
hreccia in the footwall breccia 7.onc. These footwall fracture networks are interpreted to have acted 
as nuid conduits during stage II mi_ncralisation, allowing fluid to migrate from depth into the 
footwa!J breccia, adjacent to the principal displacement zone. 
Stage II :-.lineralisalion 
in ~talrix 
1'· I '"; \ '\,, : 
' • I 
I 
hnpl~sion Brec:ia 
·'· ' \ . . 
' ~ \ 
' \ \ ~. 
" \ •,,~ 
'1 \ 
0 Jn: 
Altered Sediment 
Figure 6.27 Sub-vertical fault-fracture in the underground mine, A minor displacement on this 
fracture is e\·ident from the jog offset, and is consistent wi th the fracture being a splay from the 
principal displacement zone, which formed during normal movement. Implosion breccia is 
eYident within the main fracture. High-grade stage II pyri te+ natiYe gold + roscoelitc occurs in 
the fracture as a matrix to brcccia and in stockwork veins around the main fracture. 
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Most of the pyrite + native gold mineralisation occurs as layers around fragments of wall-
rock or pre-existing mineralisation (Figure 6.28B and Figure 6.29) which is similar to the 
pebble breccia from the footwall of the principal displacement zone. The similarity in the 
pyrite texture of this mineralisation to the pebble breccia (Figure 6. l 6C) suggests the 
footwall breccia and the footwall sub-vertical fracture systems were connected during 
mineralisation, allowing rapid vertical migration of hydrothermal fluids from depth, and 
focussing of the fluid into the footwall breccia, during fault-slip (Figure 6.30). 
6.12.5 Vertical and Sub-Vertical Fault-Fractures in the Hangingwall of the Surface Mine 
The sub-vertical fault-fracture networks in the hangingwall of the surface mine are not as 
common as in the footwall but have a similar orientation. One prominent vertical fault-
fracture in the surface mine was particularly well exposed during this study (Figure 6.31). 
This fault-fracture has experienced several phases of brecciation during stage II 
mineralisation (Figure 6.32A). 
The early vein-like (carbonaceous shale) breccia (see section 6.2) and stage I sulphide 
veins are overprinted by multiple episodes of deformation and stage II mineralisation, with 
only minor displacement (less than 1 m) of the earlier veins. The deformation and 
mineralisation history of the sub-vertical fault-fracture is shown in Table 6. 7. 
The stage II mineralisation in the sub-vertical fault-fractures contains lattice calcite with 
pyrite and roscoelite which is partially replaced by quartz (Figure 6.32B). The lattice 
calcite indicates a pressure decrease and phase separation has occurred during stage II 
mineralisation, as in other parts of the Roamane Fault Zone. Quartz + roscoelite 
mineralisation has replaced the lattice calcite during subsequent mineralisation. Veins of 
chalcedony at the margins and within the sub-vertical fracture shown in Figure 6.31 
indicate supersaturation and deposition of silica in response to a rapid decrease in 
temperature (Fournier 1985) during mineralisation. The lattice calcite and chalcedony in 
this vein is not directly associated with the roscoelite, pyrite, (and gold) mineralisation, 
indicating that pressure or temperature fluctuations experienced by the fluid, as a result of 
fault-slip may not be directly responsible for precipitation of the gold at this level in the 
hydrothermal system. 
Figure 6.28 Stage II mineralisation associated with the sub-vertical fault-fracture system (Ml26) 
shown in Figure 6.26. A Transmitted and reflected, polarised light photomicrograph showing angular 
to sub-rounded breccia with a stage II quartz + pyrite matrix, overprinted by roscoelite ~ pyrite + 
native gold + roscoelite + quartz. B Angular fragments of implosion breccia which have little 
displacement or rotation, and a matrix of roscoelite + native gold ~ pyrite + native gold + roscoelite 
~ quartz. C Transmitted, polarised light photomicrograph of recrystallised microcrystalline quartz 
replacing lattice (bladed) calcite which originally formed due to pressure decrease and phase separation 
within the vein in response to rapid fault-slip. The lattice calcite is the first phase of mineralisation to 
precipitate after some brecciation events. 
Figure 6.29 Stage II mineralisation from the subsidiary sub-vertical fracture shown in Figure 6.26. 
A Transmitted and reflected polarised light photomicrograph of the vein shown in B and C. Layered 
pyrite around fragments of wall-rock and fragments of earlier breccia is similar to the pebble breccia 
in the core of the footwall breccia, indicating the sub-vertical fractures were connected to the footwall 
breccia during stage II mineralisation. It is suggested that rapid vertical migration of fluids from 
depth, via the sub-vertical fractures, into the footwall breccia occurred immediately after fault rupture. 
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Figure 6.30 Schematic diagram illustrating the geometry and kinematics of the Roamane Fault Zone 
during stage II mineralisation. Normal movement on the principal displacement zone has resulted in 
the formation of the sub-vertical fault-fracture networks and dilation in the footwall of the principal 
displacement zone. Both structures host high-grade gold mineralisation (stage II) and have similar 
styles of stage II mineralisation with accretionary pyrite rimming fragments. It is suggested that fluid 
flow was focussed from depth by the sub-vertical fracture networks during deformation, and was then 
channelled into the footwall breccia adjacent to the principal displacement zone. 
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Figure 6.31 A Sketch of an ENE-striking sub-vertical fault-fracture from the surface mine. A small 
amount of normal movement has occurred on the north dipping fractures with displacement of less than 
I m. Chalcedonic quartz (stage II) occurs in some of the fractures and at the margins of the breccia 
indicating silica supersaturation (Fournier 1985) during mineralisation. B Sample from the vein (location 
in A) which shows several episodes of brecciation and stage II mineralisation. 
6 Deformation During Mineralisation Page 142 
Table 6. 7 Deformation history and mineral paragenesis of the sub-vertical fracture in the hangingwall of 
the surface mine (Figure 6.31). 
Deformation 
Breccia and cataclasite 
Cataclasite gouge 
Brecciation of hornblende diorite wall-rock, stage I 
sulphide veins and early quartz+ calcite 
mineralisation. Clasts are angular to sub-rounded. 
A foliation of the mineralisation dips steeply to 
the north. 
Re-brecciation, incorporating more of the 
hornblende diorite wall-rock and pre-existing 
mineralisation, which forms angular to sub-
rounded clasts. Layered pyrite growth may indicate 
suspension of pyrite as a result of fluid flow 
during mineralisation. 
Mineralisation 
Stage II (D-type) mineralisation. 
Brecciation -+quartz+ calcite +pyrite. 
Brecciation-+ minor quartz and calcite. 
Brecciation -+ calcite + roscoelite + quartz + 
pyrite + tetrahedrite/tennantite + magnetite + 
haematite + sphalerite (with immiscible 
chalcopyrite ). 
Brecciation -+ quartz -+ calcite + roscoelite + 
pyrite + quartz + sphalerite. 
Brecciation -+ calcite + roscoelite + quartz + 
chalcedony +pyrite (quartz replacing or partially 
replacing laths of calcite) . 
Pyrite which accompanies stage II mineralisation consists of euhedral grains which are 
concentrically layered. Some pyrite grains appear to have coalesced during mineralisation 
and others which were apparently once joined have broken or were in the process of 
breaking when later quartz + roscoelite mineralisation occurred (Figure 6.32C). The 
concentrically layered pyrites may have grown in suspension, in an upward-moving fluid, 
in a similar way to the pebble brecda in the footwall breccia. 
6.12.6 Composite Veins (Stage II - 0-Type Veins Parallel and Overprinting Stage I, B-
A-Type Veins) 
Some of the NNE to NE-striking stage I veins (B-type and A-type) in the underground 
mine have been re-activated as dip-slip normal faults during deformation associated with 
the Roamane Fault Zone. One such vein has been mapped across several drives in the 
underground mine at 2220 mRL. At the western end of the vein (Figure 6.33) a stage I 
(A-type) vein with some adjacent E-type veining has been re-activated and is overprinted 
by stage II quanz + pyrite + roscoelite. At the eastern end of the stage I vein, stage Il (D-
Figure 6.32 Photomicrographs from the sub-vertical fault-fracture shown in Figure 6.31. 
A (Reflected and transmitted polarised light) quartz + calcite + roscoelite + pyrite + 
tetrahedrite/tennantite + magnetite + haematite + sphalerite breccia matrix. 
B (Transmitted polarised light) quartz replacement of lattice calcite which has been deposited in 
response to pressure decrease and phase separation in the vein, induced by rapid fault-slip. 
C (Reflected light) accretionary pyrite grains in the stage II mineralisation which formed while 
suspended in an upward moving fluid, in a similar way to the pebble breccia in the footwall breccia. 
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type) mineralisation has been deposited in a dilational jog, formed during re-activation of 
the stage I vein (Figure 6.33). 
Where a stage II (D-type) vein overprints a stage 1 (sulphide) vein, partial replacement of 
the sulphide by calcite + quartz may occur. Galena and sphalerite are the most readily 
dissolved minerals, whereas pyrite and arsenopyrite are relatively insoluble in the stage II 
fluid (Cameron et al. 1995) (Appendix 5), (Figure 6.34). The overprinting stage II 
mineralisation is dominated by quartz + baryte + marcasite with rarer roscoelite + pyrite + 
native gold (Figure 6.34B). The deformation history and mineral paragenesis of the 
composite stage I- stage II veins is shown in Table 6.8. 
Table 6.8 Deformation history and mineral paragenesis of stage II veins parallel to and overprinting stage 
I veins in the underground mine. 
Deformation Mineralisation 
Brecciation and partial dissolution of stage I Stage II (D-type) mineralisation. 
sulphide veins by stage II hydrothermal fluid during Brecciation/V eining ~ calcite ( + quartz? or quartz 
normal fault movement adjacent to the stage I may replace calcite). 
veins. Brecciation ~quartz+ baryte + marcasite + 
roscoelite + pyrite + native gold. 
6 .13 Mine-Scale Structure of the Roamane Fault Zone 
In plan view, the geometry of the footwall and hangingwall splay faults and the principal 
displacement zone of Roamane Fault Zone is suggestive of dextral strike-slip movement 
parallel to the principal displacement zone (Figure 6.10) such that the subsidiary splay 
faults were dilational. Despite this, the kinematic indicators from the principal 
displacement zone and splay faults indicate dip-slip normal fault movement during stage II 
mineralisation such that the steepest section of the SSE-dipping principal displacement 
zone (and footwall breccia) became dilational during fault-slip (Figure 6.35), which is where 
much of stage II mineralisation (Zone VII and VIIA) occurs in the deposit (Figure 6.36). 
Had the fault been dextral or had a significant component of dextral strike-slip movement 
during stage II mineralisation, it would be expected that the subsidiary splay faults would 
have been more dilational than the footwall of the principal displacement zone and should 
host most of the stage II mineralisation. Since the splay faults host only narrow stage II 
veins, it is concluded that normal movement on the Roamane Fault Zone had a major 
control on the localisation of stage II mineralisation. 
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Figure 6.33 Plan and sections of a NE-striking stage I (A-type) sulphide vein which dips at 
approximately 45° to the SE, in the footwall of the Roamane Fault Zone. The stage I vein has been 
reactivated as a normal fault during stage II (D-type) mineralisation (A). Dilational jogs have formed 
adjacent to the stage I vein during fault-slip re-activation. Area B shows the vein towards the NE end, 
where there is only a narrow stage I vein. 
Figure 6.34 Transmitted and reflected polarised light photomicrographs of stage I (A-type) 
mineralisation which is overprinted by parallel stage II (D-type) mineralisation (shown in Figure 6.33) 
which was deposited during normal re-activation of the stage I vein. A Stage I galena + sphalerite are 
replaced by stage II quartz + carbonate. Stage I pyrite + arsenopyrite are less readilly dissolved by the 
stage II fluid (Cameron et al. I 995). B Stage I galena, sphalerite and pyrite are replaced by (stage II) 
quartz+ baryte + rare roscoelite + pyrite. Stage II marcasite has nucleated on stage I sulphide. 
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Figure 6.35 Schematic diagram illustrating dilation adjacent to an oversteepened segment of the 
principal displacement zone during normal fault-slip. Magmatic fluids from depth in the footwall 
of the fault zone were channelled by subsidiary sub-vertical fault-fractures (e.g. M126), into the 
dilational footwall breccia adjacent to the principal displacement zone (see also Figure 6.30). 
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These findings differ from those of Standing (1994) who used slickensides adjacent to 
stage II veins to infer oblique-dextral-nonnal fault-slip on the Roamane Fault Zone during 
stage n mineralisation. The oblique-dextral-nonnal slickensides are later overprints 
adjacent to the veins which record the movement of the fault zone towards the end of stage 
II mineralisation. Standing (1994) does however, document abundant evidence for 
nonnal movement during stage II mineralisation which can be seen from dilational jogs on 
subsidiary faults and an asymmetric foliation of the carbonaceous shale in the principal 
displacement zone. 
Some small (metre-scale) ore-shoots in Zone VIINIIA may be located at the intersection 
between stage I sulphide veins and the stage II fault-hosted veins. The major ore-shoots 
in the Roamane Fault Zone are controlled by normal movement of the fault (Figure 6.36). 
A projected long section of the Roamane Fault Zone with contours of width of the 
fractures x gold-grade, shows ore-shoots with a 70° pitch to the east. The easterly pitch of 
these ore-shoots in Zone VII is distinct from the west pitch of the stage I - stage II high-
grade intersections, which are not expressed in the long-section in Figure 6.36. The 
easterly pitch of the ore-shoots of the Roamane Fault Zone is parallel to the slip lineations 
identified from the fault zone (see Figure 6.11), which suggests that highly permeable, 
linear zones were produced during nonnal-slip. Each of the steeply, east plunging ore-
shoots shown in Figure 6.36 represents a multiply brecciated zone which was highly 
permeable immediately after fault-failure. At least four major east-pitching ore-shoots are 
shown in the long section in Figure 6.36, with many other smaller zones, each of which 
contains several generations of mineralised breccia, generated during multiple episodes of 
deformation. Therefore, the main control on high-grade gold mineralisation in the 
Roamane Fault Zone is the formation of breccia shoots which formed parallel to the 
normal-slip plunge during fault-slip. 
6 .14 Late N to NNE-Striking Strike-Slip Faults 
After late dextral strike-slip movement (and F-type mineralisation) on the Roamane Fault 
Zone, a number of unmineralised N to NNE-striking strike-slip faults formed (Figure 
6.37). These faults are particularly well developed in the surface mine and may be related 
to the formation of the western boundary fault, which marks the western limit of the 
Porgera deposit. Although no single structure has been defined as the western boundary 
fault, a diffuse zone of late strike-slip faulting may exist. The small displacements on the 
N to NNE-striking faults suggest that any earlier mineralised structures would not be 
displaced by more than a few metres to tens of metres. 
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Figure 6.36 Composite long section of the Roamane Fault Zone, projected to approximately 11300 N, showing 
shaded contours of width of the fault zone x Au grade which defines Zone VII and VIIA. Also shown, is the dip 
of the principal displacement zone, measured between levels in the underground mine and the 70° contour of the 
dip. The horizontal zone of greatest width x gold grade corresponds to the steepest part of the principal 
displacement zone, which would be the most dilational during normal fault movement. This is also the area 
where the (Ml26) sub-vertical footwall fault-fractures intersect the footwall breccia. The sub-vertical fault-
fractures are responsible for focussing of fluid flow from depth into the footwall breccia (Figure 6.35). 
The strike length of the fault zone has been divided into four regions (A, B, C and D) in the upper diagram, and 
equal area stereoplots of the sulphide vein orientations of these four regions are shown, with the average 
principal displacement zone. The sulphide veins represented are those measured during this study and those 
measured by the mine geologists (PN) from the upper levels (36 level, 31 level and 28 level) of the underground 
mine. On a small scale( centimetre to metre)intersections between the A-type/B-type veins and the stage 11 
(C-lype and D-type) veins correspond to areas of high gold grade (see Figure 4.10) in many areas of the mine. 
The intersection between the sulphide veins and the principal displacement zone pitches steeply to the west. 
This pitch does not correlate with the steep easterly pitch of the high-grade ore shoots shown above. Jt is 
suggested that the steep easterly pitch of the ore-shoots represents highly permeable fluid pathways which 
formed parallel to the normal-slip direction on the Roamane Fault Zone, during stage II mineralisation (compare 
Figure 6.11). Therefore, on the scale of the entire fault zone, high-grade gold deposition is controlled by fluid 
focussing into highly permeable fault-related breccia zones, which formed parallel to the slip-plunge. 
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The late N to NNE-striking faults are most readily observed where calcite vein 
slickensides are preserved on fault planes. Where the slickenside fibre growth direction 
has been observed, a slip sense is preserved. For N-striking faults, a dextral sense is 
indicated and for the NNE-striking faults a sinistral sense is indicated. A horizontal N to 
NNE-directed maximum principal stress (0'1) is inferred from the orientation and slip 
sense of the faults (Figure 6.37). 
6 .1 S Apparent Changes in the Stress Field During Mineralisation at 
Porgera 
The orientation of the stress field during deformation and mineralisation at Porgera has 
been inferred from the orientation of intrusions, veins and fault systems. The estimated 
stress directions observed at Porgera are summarised in Table 6.9 and Figure 6.38. 
Table 6.9 Estimated stress field orientations at the Porgera Intrusive Complex in the Late Miocene -
Pliocene. 
Structure and Orientation 
Maximum Principal Minimum Principal 
Stress ( cr1) Stress ( cr 3) 
Folding Regionally folds plunge NNE - SSW (027°) Vertical 
gently ESE - WNW 
Stage I (B-type, A-type NNE to NE - SSW to NNE to NE - SSW to WNW to NW - ESE 
and E-type Mineralisation SW Striking SW(?) to SE and Vertical 
in Extension Fractures 
Stage II Mineralisation ENE to E - WSW to W Locally Vertical 
and Movement on the Striking Fault Zone (Regionally WNW - (Regionally NNE -
Roamane Fault Zone ESE?) SSW?) 
Dextral Strike-Slip ENE to E - WSW to W WNW-ESE NNE - SSW 
Movement on the Striking Fault Zone 
Roamane Fault Zone 
Late N-S Strike-Slip WNW - ESE and NNE - NtoNNE- WtoWNW-
Faults SSW Striking Conjugate S to SSW E to ESE 
Faults 
+ 
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Figure 6.37 Equal area stereoplots of late strike-slip faults which post-date all other stages of 
deformation and mineralisation. Some directions of growth of slickensides have been observed with 
movement directions indicated. Slip on the faults appears to have been influenced by a N to NNE-
directed horizontal maximum principal stress (cr1) . 
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Figure 6.38 Diagram of the inferred stress history of the Porgera Intrusive Complex. The 
maximum principal stress ( 0 1) direction is inferred to have been horizontal, NNE-directed 
throughout the history of the Porgera Intrusive Complex except for the change in the magnitude 
of the NNE-directed stress during movement on the Roamane Fault Zone (C). A decrease in the 
magnitude of the horizontal NNE-directed compression during movement on the Roarnane Fault 
Zone may be attributed to post-collisional relaxation of crustal stress in the Papuan Fold Belt. At 
Porgera, movement on the Roamane Fault Zone has been perturbed (perhaps by magmatic 
activity) such that the maximum prindpal stress ( 0 1) direction was vertical during stage II 
mineralisation. This stress regime may be a result of uplift or magmatic resurgence in the 
intrusive complex at depth. 
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ANNE to NE-directed maximum principal stress (cr1) direction has prevailed in the 
Porgera area since I 0 Ma, except for the period of dextral (?) ~ normal ~ dextral slip on 
the Roamane FaultZone (Figure 6.38) at approximately 5.8 to 5.7 Ma. The change in 
orientation of the stress field during formation and movement of the Roamane Fault Zone 
may have been produced as a result of relaxation of NNE-directed compression in the 
Papuan Fold Belt at that time. 
6 .16 Model for the Development of the Roamane Fault Zone 
The Roamane Fault Zone developed only after stage I veining was complete. The high 
fluid pressure (up to lithostatic) inferred to have been present during stage I veining would 
have re-activated a pre-existing ENE-striking fault zone, had it been present. Stage I veins 
show no spatial or temporal relationship with the Roamane Fault Zone. Most stage I veins 
are single-opening fractures which show no evidence for fault-related episodic 
deformation and mineralisation. 
Table 6.10 summarises the deformation and mineralisation on the Roamane Fault Zone as 
determined from detailed macroscopic and microscopic observations of the fault zone. 
Table 6.10 has been divided into two episodes which have been labeled A and B. The 
deformation and mineralisation event A has produced rounded breccia and foliated 
cataclasite. This cataclasite may have been produced during aseismic shear. Fault 
kinematics have not been determined for the A event due to the overprint of the later 
deformation and (stage II) mineralisation. Quartz + pyrite± calcite mineralisation has 
occurred during deformation. Some of the pyrite deposited has been partially dissolved 
and replaced by quartz or calcite during stage II mineralisation. Therefore, the 
hydrothermal fluid in the fault in the A stage may have been of a slightly different 
composition to later stage II-related fluid. Event A has been observed in: 
• The footwall breccia (adjacent to the principal displacement zone). 
• The footwall splay faults in the underground mine. 
• The hangingwall splay faults in the surface mine. 
Given that the A event affected only the footwall breccia adjacent to the principal 
displacement zone and the footwall and hangingwall splay faults, it may be inferred from 
the fault geometry that dextral strike-slip movement occurred at this early stage of 
deformation on the fault zone, however it should be stressed that these kinematics are 
inferred only from the mine-scale geometry of the fault zone (Figure 6.39A). 
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Table 6.10 Deformation processes and mineralisation associated with the Roamane Fault Zone 
(Summary). 
Structural Components of Deformation Products 
Roamane Fault Zone 
A. (Dextral Roamane Fault Zone) Rounded fragments ofbreccia 
• Footwall breccia. within multiple layers of 
• Footwall splays in the foliated cataclasite and breccia. 
underground mine. 
• Hangingwall splays in the 
surface mine. 
B. (Normal Roamane Fault Zone) 
• Footwall breccia. 
• Footwall splays in the 
underground mine. 
• Hangingwall splays in the 
surface mine. 
• Footwall sub-vertical splays in 
the underground mine. 
• Hangingwall sub-vertical splays 
in the surface mine. 
• Stage II veins parallel and 
overprinting stage I veins. 
Multiple layers of angular to 
sub-rounded fragments of 
breccia and cataclasite formed 
during episodic normal fault 
movement. Injection 
cataclasite and implosion 
breccia formation during sudden 
fault failure. 
Mineralisation (cycles or stages 
are repeated) 
-+Quartz+ pyrite± calcite 
(pyrite partly replaced by later 
quartz or calcite). 
-+ Lattice calcite (pressure 
decrease accompanying 
deformation)._ 
-+ Roscoelite + quartz ± calcite 
(some chalcedony). 
-+ Pyrite + native gold + 
roscoelite ± baryte ± marcasite 
± sphalerite ± galena ± 
magnetite ± haematite. 
-+ Quartz+ roscoelite (some 
chalcedony). 
-+Calcite. 
By comparison the B event has apparently affected all components of the Roamane Fault 
Zone. Importantly, the sub-vertical footwall and hangingwall fracture systems were active 
at this stage. Mineralisation of the footwall and hangingwall splay faults has also occurred 
during the Bevent, as a result of dilation of jogs on the fault surfaces during normal fault-
slip (Figure 6.39B). 
Normal movement has been observed on faults of the Roamane Fault Zone, which have a 
wide range of orientations, including: 
• ESE-WNW to E-W-striking splay faults in the f ootwall and hangingwall which dip 
both north and south. 
• ENE-WSW-striking principal displacement zone and parallel striking faults which dip 
mostly to the south. 
• NE-SW-striking subsidiary faults and reactivated stage I veins which mostly dip to the 
SE. 
This wide range in orientation of faults which record nonnal movement during stage II 
mineralisation suggests that the local maximum principal stress (a1) direction was vertical 
A 
B 
Re-activation 
Footwall 
Sub-Vertical 
Fault-Fracture 
\ 
Principal 
Displacement 
Zone 
Hangingwall 
Sub-Vertical 
Fault-Fracture 
Re-activation 
of the Hangingwall 
Splay Fault 
Figure 6.39 Schematic diagrams illustrating a two-stage model for the development of the Roamane Fault 
Zone at Porgera. Dextral strike-slip movement is inferred from the geometry of the footwall and 
hangingwall splay faults and the principal displacement zone (A). These structures have an early foliated 
cataclasite which is overprinted by breccia and stage 11 mineralisation. The early cataclasite may have 
formed during dextral strike-slip movement, however no kinematic indicators have been found. The 
footwall and hangingwall splay faults may have developed as subsidiary normal or dextral faults and 
were later re-activated as normal faults during normal movement on the principal displacement zone. 
Normal movement on the Roamane Fault Zone during stage II mineralisation (B} resijlted in significant 
dilation in the footwall to the principal displacement zone (footwall breccia). Sub-vertical fault-fractures 
developed in the footwall and hangingwall during normal movement. These fractures are the main 
hydrothermal fluid conduits, which chanelled fluid from depth to the footwall of the principal 
displacement zone (Figure 6.30). Dilational jogs on the splay faults (particularly in the footwaU} localised 
stage II mineralisation on a smaller scale than the footwall breccia. Normal fault movement on the 
Roamane Fault Zone during stage II mineralisation may be due to resurgence of magmatism associated 
with the Porgera Intrusive Complex 
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and the local minimum principal stress ( cr3) direction was horizontal to the NNW. The 
Roamane Fault Zone kinematics and the mine-scale fault geometry were probably 
generated when the Roamane Fault Zone originated as a dextral strike-slip fault under the 
influence of regional stress and developed into a dip-slip normal fault under the influence 
of magma emplacement processes at deeper levels in the Porgera Intrusive Complex. 
Stage II mineralisation associated with the B deformation event is hosted by multiple, 
overprinting layers containing angular to sub-rounded breccia and cataclasite indicating 
fault movement by episodic fault-slip. Injection cataclasite and implosion breccia indicate 
that fault slip was rapid and resulted in dramatic increases in fracture permeability. 
Significant fluid pressure decreases were experienced by the fluid as a result of the 
permeability increase, resulting in phase separation and the precipitation of lattice (bladed) 
calcite immediately after fault-rupture. It is the B mineralisation event which is associated 
with the high-grade gold in the Roamane Fault Zone. The zones of high-grade gold are 
controlled by fluid focussing into highly permeable fault-breccia zones which are parallel 
to the slip-plunge. Zones of high-grade gold also occur in centimetre to metre-scale 
shoots at the intersection between stage I and stage II structures, however the formation of 
highly permeable fault-breccia controls the overall distri~ution of stage II mineralisation. 
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7 HYDROTHERMAL FLUID FLOW DURING MINERALISATION 
AT PORGERA 
This section discusses the structural and tectonic influences on the hydrothermal system at 
Porgera during mineralisation and produces some quantitative estimates of fluid flow 
during deformation which may be inferred from breccia textures found in the Roamane 
Fault Zone. A transient (time dependent) finite element computer model (2D) of fluid 
flow in a simple fracture system has been constructed to identify the key parameters for 
fluid flow in fracture systems in the upper crust. The principles of the time-dependent 
behaviour of simple fault-fracture systems have then been extrapolated to the more complex 
fault-fracture system at Porgera which hosts stage II gold mineralisation, and models for 
ore deposition have been assessed. 
7 .1 Structural and Tectonic Influences on the Hydrothermal System 
During Mineralisation at Porgera 
A strong feedback exists between mineralisation (related to the hydrothermal system) and 
structure (related to deformation) at Porgera. Enhanced permeability related to fracture or 
fault networks developed during stage I and stage II mineralisation is important for fluid 
focusing, while localisation of fluid flow within the hydrothermal system during 
deformation exerts control over the extent and location of deformation. The formation of 
highly permeable fluid pathways, formed during fault movement have influenced the 
pressure and temperature of the hydrothermal fluids. 
7. 1.1 Hydrothermal Fluid Flow and Deformation During Stage I Mineralisation 
Most of the stage I veins have been deposited within extension fractures . Some stage I 
mineralisation has been deposited in small-scale extension faults or is associated with 
brecciation (fault-related implosion ?), however there no evidence for a large-scale 
controlling fault-system which was operative during stage I mineralisation. Extension 
fracturing indicates a low stress difference (er, - cr3) during stage I mineralisation. During 
stage I extension fracturing, the minimum principal stress ( o3) and the intermediate 
principal stress ( o2) were probably of similar magnitude and periodically swapped 
orientation, allowing the development of NE to NNE-striking veins with variable dips 
(sub-horizontal to sub-vertical) (Figure 6.4, Figure 6.5 and Figure 6.6). The variation in 
the orientation of the principal stresses may be related to magmatic activity associated with 
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the intrusive complex at depth. The stage I veins which are sub-horizontal, indicate fluid 
pressures locally exceeded the lithostatic load. The high fluid pressures within the 
hydrothermal system during stage I mineralisation have assisted deformation of the 
intrusive complex by the generation of extension fractures which have provided a fluid 
pathway and mineral deposition site during stage I mineralisation. 
The localisation of high fluid pressure regions, and stage I veins, is related to the exposed 
stocks in the intrusive complex, but particularly to the stocks near the current mine 
workings. This suggests that the stage I fluids are localised by the stocks, and perhaps 
by fractures at the margins of the stocks. 
7 .1.2 Hydrothermal Fluid Flow and Deformation During Stage II Mineralisation 
Fluid localisation toward the southern part of the Porgera Intrusive Complex and the high 
fluid pressure (near lithostatic) which prevailed during extension fracturing and stage I 
mineralisation may have also been responsible for the position of the Roamane Fault Zone 
in the same location as some of the most intense stage I veining. Therefore, a focussing 
mechanism at depth within the intrusive complex may be operative during hydrothermal 
fluid circulation, which has influenced the location if the most intense stage I and stage II 
veining. 
The formation of the Roamane Fault Zone and deformation by episodic fault-slip, 
after extension fracturing and stage I veining, indicates a change in the orientation 
and magnitude of the regional and local stress regime between stage I 
and stage II mineralisation. At this time, the horizontal NNE-directed maximum principal 
stress (cr1) direction became a NNE-directed minimum principal stress (cr3). This was 
accompanied by an increase in the differential stress which resulted in the formation of a 
regionally transcurrent tectonic regime. At Porgera, dextral strike-slip movement on the 
Roamane Fault Zone was quickly overprinted by normal fault movement and stage II 
mineralisation. The locally extensional tectonic setting at Porgera is probably a result of 
stresses related to uplift or resurgence of magmatism within the intrusive complex. 
During normal slip, dilation of the Roamane Fault Zone occurred on the steepest segment 
of the fault zone, adjacent to the footwall altered sediment. 
Steeply plunging breccia-related, high-grade gold ore shoots formed parallel to the normal 
slip direction during stage II mineralisation. Fluid focussing at this stage (to generate 
Zone VII and VIIA) was controlled by the fault-related breccia zones, and gold 
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mineralisation occurs throughout the network of highly permeable fluid pathways. Pre-
existing (A-type and B-type) stage I veins have a minor control over fluid focussing 
during stage II mineralisation by localising sites of fault-slip. On a centimetre to metre 
scale, the intersection between stage I and stage II structures is also a site of high gold-
grade, however on the scale of the entire fault system, significant gold mineralisation 
(Zone VII and VITA) is controlled by the highly permeable breccia and fracture pathways 
created during nonnal fault-slip. 
Stage II mineralisation within the Roamane Fault Zone was influenced by multiple 
episodes of fault-slip which enhanced the fracture-permeability. Fluid focussing into the 
highly permeable fault zone has concentrated the stage II mineralisation to a single 
structure. Injection cataclasite and implosion breccia suggest fault-slip was rapid, while 
lattice calcite formation immediately following some brecciation events suggests a large 
fluid pressure decrease due to the increased permeability accompanying episodic fault-
slip. 
The role of the Roamane Fault Zone was to focus fluids from the surrounding wall-rock 
and focus magmaticaly exsolved volatiles from depth (via sub-vertical footwall fault-
fractures) into a single structure (footwall breccia) to result in high-grade gold deposition 
(Cameron et al 1995, 1996) (Appendix 5). High fluid pressure in the carbonaceous 
shale wall-rock surrounding the Porgera Intrusive Complex which were generated during 
stage I veining may have provided the driving force for fluid pressure recovery in the 
interseismic period, prior to further fault failure. Fluid flow from the wall-rock during 
fault-rupture was probably enhanced by the poro-elastic storage of the shale. Poro-elastic 
storage is likely to be most effective under conditions of high fluid pressure (Sibson 
1994) (see section 2.4). High fluid pressure in the carbonaceous shale wall-rock allowed 
more effective focussing of these fluids towards the fault zone during defonnation. As 
the fault zone developed and became more extensive, towards the end of stage II 
mineralisation, the fluid pressure in the carbonaceous shale wall-rock within the intrusive 
complex may have decreased due to the overprint of the highly permeable fault zone 
(Figure 7.1). Therefore, the effectiveness of the Roamane Fault Zone in providing a 
mechanism for stage II mineralisation may have been limited by the ability of the fault 
zone to tap fluids under pressure from the country rock and mix them with pulses of fluid 
exsolving from the intrusive complex at depth. 
A fault-valve-style mechanism has operated on the Roamane Fault Zone during fault 
failure, brecciation and mineralisation. After fault-rupture, the fracture-pathways of the 
fault zone are sealed by stage II mineralisation which has caused an increase in the fluid 
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Figure 7.1 Theoretical shear stress and fluid pressure recovery associated with episodic fault slip on the 
Roamane Fault Zone at Porgera. Fluid pressure was probably near lithostatic at the end of stage I veining 
when the fault zone was generated. Rupture of the newly created fault zone caused a rapid decrease in 
fluid pressure due to the sudden increase in permeability. Fluid pressure and shear stress recovery as a 
result of stage II mineralisation triggered further rupture events. As the fault zone developed and the 
fracture network became more extensive, the far-field fluid pressure in the wall-rock fluid may have 
decreased, thereby reducing the rate of fluid flow from the carbonaceous shale. In this situation the potential 
for stage II mineralisation via mixing of the wall-rock fluid with oxidised magmatic volatiles from depth 
(Cameron et al. 1995) is restricted. As the fluid pressure in the wall-rock approached lithostatic, carbonate + 
sulphate mineralisation (F-type) (from the oxidised fluid?) overprinted the stage II mineralisation. 
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pressure around the fault, resulting in further fault-slip. The Roamane Fault Zone may 
have acted in a similar way to seismic pump, or fault-valve fault as described by Sibson 
(1987), Cox (1995) for the Palaeozoic gold deposits of Victoria, and Robert et al. (1995) 
for the Archaean-hosted gold deposits of the Val d'Or where recovery of fluid pressure as 
a result of sealing of the fault during mineralisation has caused episodic fault-slip. As a 
result of this process at Porgera, the fluid in the fault zone during deformation have 
experienced rapid changes in pressure and temperature which have resulted in calcite and 
quartz deposition without significant gold mineralisation. Native gold in the stage II 
mineralisation at Porgera is closely associated with pyrite and roscoelite which was 
deposited in response to fluid mixing (Cameron et al. 1995, 1996). Efficient mixing of 
fluids from the carbonaceous shale wall-rock with fluids from depth has occurred on the 
Roamane Fault Zone as a result of a suction-pump type mechanism (Sibson 1992) which 
operated adjacent to the steepest section of the principal displacement zone (footwall 
breccia) during normal fault-slip. 
7. 2 Estimated Fluid Flow Rate During Formation of the Pebble Breccia 
The pebble breccia which occurs towards the centre of the footwall breccia, adjacent to the 
principal displacement zone consists of fragments of wall-rock or fragments of quartz + 
roscoelite mineralisation which are overgrown by layered pyrite which forms spheres 
around the breccia fragments (Figure 6.16C). This texture probably formed by 
suspension of the fragments in a rapidly upward moving fluid during mineralisation. 
Quartz deposition during and after the formation of the pebble breccia indicates that the 
hydrothermal fluid was experiencing a temperature decrease and so was probably flowing 
upwards. 
The drag force (Fd) during turbulent flow (which is valid for fluid flow around 
macroscopic objects) is: 
(Kane and Stemheim 1978) (7.1) 
Where A is the cross sectional area of object= 7t R2, R is the radius of object, p0 is the 
density of fluid, C0 is the drag coefficient (0.3 to 1.2 for most objects in a range of fluids) 
and v is the velocity of object. 
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The drag coefficient (C0) is proportional to the surface roughness and shape of the object 
as well as the viscosity and fluid flow rate. The tenninal velocity (vT) of a falling object 
during turbulent flow is: 
(Kane and Sternheim 1978) (7.2) 
Where g is the acceleration due to gravity, Lis the length of object and pis the density of 
object. 
A terminal velocity, or minimum upward fluid velocity needed to maintain the spheres in 
suspension can be calculated using equation 7.2. The pyrite spheres at Porgera have a 
density (p) of 4900 kg m·3, a range in radius up to approximately 8 mm (0.008 m), L = 
0.016 m for many of the fragments but is greater that 8 mm for some fragments. If a 
fluid density (p0) of 950 kg m-3 is estimated (Pff conditions in Table 1.2), a minimum 
fluid velocity for suspension of pyrite spheres is 1.04 m s-1 for C0 = 1.2 and 2.08 m s·
1 
for C0 = 0.3. 
Therefore it is suggested that a flow velocity of the order of 1 m s·1 upwards was 
maintained, at least episodically, during the formation of the pebble breccia in the 
immediate footwall of the principal displacement zone. Fluid flow at 1 m s·1 across a 
cross sectional area of 1 m2 with a porosity of 0.2 results in 0.2 m3 s·1 of fluid flow 
across the 1 m2 cross sectional area. This fluid flux will be maintained as long as a fluid 
supply, pressure difference and high permeability are maintained, which may be of the 
order of hours to days. Fluid flux will be enhanced by phase separation (and volume 
expansion) within the fluid as it moves upwards to areas of lower pressure and 
temperature. If phase separation occurs, the fluid will accelerate as it moves up through 
the fault system. As pyrite mineralisation of the breccia proceeds, the pyrite spheres may 
settle due to their increasing size, however, fracturing of the spheres and abrasion, will 
reduce the particle size and help maintain buoyancy. 
7.2.1 Rationale For Using Turbulent Flow Equations 
The solution for turbulent fluid flow is true when the Reynolds number (NR) for a sphere 
of radius R is greater than 1. 
N _ AJVR R -
fl 
(Kane and Sternheim 1978) (7.3) 
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Where 11 is the fluid viscosity. 
Taking p0 = 950 kg m·
3
, R = 0.001to0.008 m, v = I to 2 m s·2 and11 = 10·4 Pas as 
detennined for the pyrite spheres forming around fault breccia at Porgera it can be 
determined that NR = 104 to 1Q5 for this fluid flow regime immediately after fault rupture. 
Since NR » l, turbulent flow is probable. 
Turbulent flow of a fluid in a channel is true for NR > 2000, where: 
N - 2 Po vR' 
R (fract) - 1l (Kane and Stemheim 1978) (7.4) 
Where R' is the radius of the channel. 
For an open fracture of aperture, 0.2 min the Roamane Fault Zone, NR (fractl = 2 x 106 to 4 
x 106• Therefore, in this case the flow is turbulent. 
7. 3 Finite Element Modelling of Fluid Flow: During Deformation 
A finite element computer code has been used to quickly undertake the iterative time 
stages of fluid flow in a simple fracture system. The computer code used is a transient 
(time-dependent) fluid-saturated model which is based on Darcy's Law for pressure 
induced fluid flow. The model is arranged to approximate the fracture systems which 
control the flow of hydrothermal fluids during stage II mineralisation at Porgera. 
By running the computer model to steady state, it is hoped to evaluate: 
• The time dependence of fluid flow during fracturing. 
• Possible mechanisms of ore genesis within fault-fracture networks (e.g. fluid - fluid 
mixing (Cameron et al. 1995) (Appendix 5), fluid - rock interaction and boiling 
(Richards and Kerrich 1993). 
The finite element method and the application of the finite element code to solving fluid 
flow in porous media is discussed in detail by Istok (1989) and will not be repeated here. 
In this section the governing equations for the model and the assumptions made by the 
equations will be discussed. The model of fluid flow used here assumes a transient, 
saturated fluid fl.ow regime. Equation 7.5 describes the time dependent fluid flow 
through a water saturated porous system. 
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(lstok 1989) (7.5) 
Where ab/Otis the change in hydrothermal head (h) with time (t), awax is the change in 
hydrothermal head with depth (x) and Sv is the spe.cific storage. 
(lstok 1989) 
Where Pt is fluid density, g is the acceleration due to gravity, a is matrix (rock) 
compressibility,~ is fluid compressibility and n is porosity. 
h is the hydraulic head. 
(Turcotte and Schubert 1982) 
Where Pr is the fluid pressure. 
K is the hydraulic conductivity. 
(Turcotte and Schubert 1982) 
Where µ is fluid viscosity and k is permeability. 
(7.6) 
(7.7) 
(7.8) 
The first assumption from equation 7.5 is that of a saturated matrix (wall-rock) and that 
the fluid is of uniform and constant density (pf), viscosity (µ), temperature and chemical 
composition. In reality, for a mineralising hydrothermal system such a that at Porgera, 
these assumptions almost certainly do not hold. All of these factors will vary as a fluid 
moves to areas of lower pressure during hydrothermal circulation, and may vary 
dramatically within an active fault system, particularly if the fluid undergoes phase 
separation as has been demonstrated for stage IT mineralisation at Porgera. The equations 
of state governing fluid density, viscosity, temperature and chemical composition are 
complex and are well beyond the scope of this modelling. Therefore, for the purposes of 
this model, these factors are approximated as constants. 
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The matrix compressibility (a), fluid compressibility(~) and the porosity (n) are also 
assumed to be constant for the purposes of this modelling. In reality, the matrix 
compressibility is probably very nearly constant on the time scale of a relatively shallow 
magmatic-related hydrothermal system. The porosity will vary spatially and temporally 
with permeability. Zhang et al. (1994a) measured the change in porosity with 
permeability in a hot-pressed calcite aggregate and noted a change in porosity from 0.2 to 
0.04 as the permeability changed from 10-16 m2 to 10·20 m 2 (Figure 2.1). Therefore, as a 
system is fractured, the porosity may increase by an order of magnitude, however for the 
purposes of this model it is assumed constant. The fluid compressibility will vary 
dramatically with fluid density, viscosity, temperature and chemical composition, 
however since these factors are approximated by constants, the fluid compressibility is 
also constant. 
The fluid flow in the model, as determined from equation 7.5 is derived from Darcy' s 
Law (see section 2.1, equation 2.1). 
u = -K CJh 
ax (Turcotte and Schubert, 1982) (7.9) 
Where u is the Darcy fluid velocity (or fluid flux) which is a measure of the volumetric 
flow per unit area ofrock (in three dimensions). Table 7.1 lists the factors considered by 
this modelling, their units and values used in the model. 
7. 4 Assumptions of the Governing Equations for the Fluid Flow Model 
and their Application to Porgera 
Darcy's Law describes fluid flow through a permeable medium by assuming the flux is 
proportional to the applied pressure (Newtonian fluid), the permeable fluid pathways are 
small compared to the matrix and the flow is laminar. In a hydrothermal system such as 
that at Porgera, the fluid flow is driven by temperature induced pressure gradients which 
developed in response to emplacement of a hot intrusive complex. On the scale of the 
intrusive complex, the fluid pathways are small compared to the matrix. 
The alteration and mineralisation at Porgera strongly suggests the fluid flow was 
controlled by fault-fracture networks during stage II mineralisation. If the fluid pathways 
are less than 1 m wide and the hydrothermal system is several kilometres wide, the 
fractures controlling fluid flow are at least 103 times smaller than the hydrothermal 
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system. Therefore the assumption of Darcy's Law, that the pathways are small compared 
with the matrix may hold, however, on the scale of a single fracture, Darcy's Law will 
not hold. As a result fluid flow modelling based on Darcy's Law should consider only 
fracture networks, or zones of permeability which are different from the matrix (outside 
the fracture network). 
Table 7.1 Variables used in the finite element modelling of hydrothermal fluid flow through porous 
media to simulate stage II mineralisation at Porgera. 
Variable Units Value Used Reference 
g acceleration due to gravity m s·2 9.8 
n porosity dimensionless 0.05 Zhang et al. (1994a) 
Cl matrix compressibility Pa·1 (m s2 kg"1) 10·6 Carmichael (1984) 
~ fluid compressibility Pa·1 (m s2 kg"1) 5x10-4 Delany (1982) 
µ fluid viscosity Pas (kg m·1 s·1) 10-4 Dipple and Ferry (1992) 
Pr fluid density kgm·3 950 Potter and Brown ( 1977) 
x depth m variable 
Pr fluid pressure Pa (kg m·1 s·2) variable 
k permeability m2 variable Brace (1980, 1984) 
t time s variable 
length of fault/fracture m variable 
w width of fault/fracture m variable 
s. specific storage (equation 7.6) m·I 0.25 
h hydraulic head (equation 7.7) m variable 
K hydraulic conductivity (equation 7.8) m s·1 variable 
u Darcy velocity (equation 7.9) ms·1 variable 
CJh/dt change in hydraulic head with time m s·1 variable 
dh/CJx change in hydraulic head with depth dimensionless variable 
atax change in depth m·1 variable 
The asswnption that fluid flow is laminar is less likely to hold for an intrusive-related 
hydrothermal system at shallow crustal levels, such as Porgera. Even for narrow fluid 
conduits and relatively slow fluid velocities (less than 10·2 m s·1) the flow regime can be 
demonstrated to be turbulent (when the Reynolds nwnber is greater than 2000), (see 
section 7.2.1). Using equation 7.4 for a fluid pathway (tube) with a radius of 1 mm, a 
fluid velocity of greater than 0.11 m s·1 will produce turbulent flow. These velocities may 
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episodically have been exceeded during fluid flow in fractures such as those at Porgera. 
Breccia fragments and asperities on the walls of fractures may also destabilise flow 
(effectively reducing the Reynolds number for that fracture), leading to turbulence in the 
fluid at lower velocities. Therefore, for some fracture systems, laminar flow may be 
appropriately assumed, however for many fracture systems (particularly the major fluid 
pathways) the flow may be turbulent. In a turbulent flow regime, the assumption of 
laminar flow will overestimate the velocity of the fluid and underestimate the change in 
fluid pressure with time (or {)hf()t). For the purposes of this modelling, changes in the 
flow regime have not been accounted for and the model assumes laminar flow to simplify 
the problem. The results of this style of fluid flow modelling for shallow crustal 
situations such as at Porgera should be considered in light of the assumptions and 
impending inaccuracy. 
7. 5 Permeability of the Roamane Fault-System During the Formation 
of the Pebble Breccia 
An initial Darcy fluid velocity in the centre of the highly permeable zone (uc,0) can be 
calculated using Darcy's Law (equation 7.9) and is a function of the hydraulic 
conductivity of the fault (~) and ·the change in hydraulic head with depth ({)hf()x), which 
is constant away from the influence of the fracture system if the fluid density and fluid 
viscosity are assumed constant. For lithostatic fluid pressures the value of ah/dx is 2.895 
for a rock density (Pr) of 2750 kg m"3 and a fluid density (pf) of 950 kg m·3, while the 
value of ()hf()x under hydrostatic fluid pressure conditions is 1.000. For the Roamane 
fault system which hosts the pebble breccia (see section 7.2), an estimate of the 
permeability of the fault can be made from the calculated fluid velocity. For the pebble 
breccia, a fluid velocity (v) of the order of 1 m s·1 has been calculated. This would be 
equal to a Darcy fluid velocity of 0.2 ms·' if the porosity of the fault-fracture zone is 
estimated to be 0.2 (u = v n). ~for the fault can then be calculated as 0.0691 m s·1, 
hence the permeability of the fault (lcr) can be estimated as 7.42 x 10·10 m2, indicating a ~ 
which is probably in the range 10·10 to 10-9 m2 during the formation of the pebble breccia. 
An error in this estimation may be due to the implication of turbulent fluid flow at fluxes 
calculated for the formation of the pebble breccia which has not been allowed for in the 
approximation of Darcy's Law. 
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7. 6 The Finite Element Model and Model Results 
A scale independent, finite element model was set up and run in two-dimensions by J. 
Braun (Research School of Earth Sciences, Australian National University). The model 
was run to investigate the behaviour of a hydrothermal system when perturbed by a 
region of high permeability. The model consists of a uniform pressure gradient which is 
perturbed at time (t) = 0 by an elongate rectangular (fracture) zone of higher permeability 
than the background. The zone of higher permeability represents a vertical fracture 
system hosted by a less permeable matrix (Figure 7.2). The model was run until a steady 
state Darcy fluid flux was reached in the centre of the more permeable fracture zone. The 
response of the model for various changes in fracture permeability, fracture width and 
fracture length is shown in Figure 7.3. 
The curves for time v's Darcy fluid flux shown in Figure 7.3 can be defined in terms of 
three stages (Braun and Munroe in prep.): 
is the period where the Darcy fluid velocity is at a maximum. 
is a transition period where the Darcy fluid velocity decreases with 
time. 
is the period where the Darcy fluid velocity is at steady state. 
Ta is the time taken for the fracture system to move the fluid in the immediate vicinity, due 
to the increase in permeability imposed in this area and is a measure of the response of the 
fluid to the presence of the fracture. When this flow takes place in the fracture system, 
the pressure gradient which drives the flow is reduced, resulting in a decrease in the fluid 
velocity until a steady state is reached at Tb. The time Tb is a measure of the response of 
the fluid in the matrix to the generation of the fracture system. 
From Figure 7.3A it can be estimated that Ta is inversely proportional to kr· From Figure 
7.3B it can be estimated that Ta is proportional to 12• There is little width dependence on 
the time Ta (Figure 7.3C). Therefore: 
(Braun and Munroe in prep.) (7.10) 
---------h= 
Bhlox = o Bh/ox = o L 
..__--- ------h = h0----------' 
Figure 7.2 Geometry of the finite element model (Braun and Munroe in prep.). A vertical 
fault of length 1, width w and permeability kc is placed at time t = 0 in a matrix of dimension 
L x L and permeability k,,,. Fluid flow is driven by a hydraulic head which has a gradient hJL. 
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Figure 7.3 Sensitivity of the finite element model (after Braun and Munroe in prep.) to predict the 
time-dependentbehaviour of fluid flow in a vertical fracture system in response to: 
A. Changes in the permeability when the fault is up to 3 orders of magnitude more permeable than the 
matrix. 
B. Changes in the length of the fracture by up to 1 order of magnitude. 
C. Changes in the width of the fracture by up to twice the original width. 
Each of these curves can be broken into three periods fort< Ta. Ta< t <Tb and t >Tb. In the first of 
these periods the Darcy fluid flux is at a maximum, as the fracture system is introduced to the model. 
The last of these periods describes the model in a steady state where the Darcy flux: is less than the initial 
flux (see text for further discussion). 
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From Figure 7.3 it can be estimated that Tb is not related to ~but is a function of 12 and 
the hydraulic conductivity of the matrix (~) such that: 
s I2 
T = _v_ 
. b (Braun and Munroe in prep.) (7.11) 
The steady state (final) Darcy fluid flux in the centre of the fault ( uc.f) is a function of the 
generic mean of the fault conductivity and the matrix conductivity: 
UC,O 
= J_ Km ___ 1____ _ 
w Kt 1 + _l _K_m 
wKr 
(Braun and Munroe in prep.) (7.12) 
A typical fault-fracture system in the upper crust may consist of a fracture of length 1 = 
1000 mand permeability, k, = 10-12 m2 hosted by a matrix,~= 10·18 m2 (Brace 1980, 
1984). According to the model results the times Ta and Tb would be 85 years and 85 
million years respectively. The period of time< Ta for fluid focussing by the fracture 
system may be geologically reasonable, however the steady state time Tb will probably 
not be experienced by the fracture before mineralisation or another deformation event 
overprints the system (Figure 7.4). For the Roamane Fault system which may have 
periodically experienced permeabilities as high ask,= 10·10 to 10·9, Ta would be equal to 
0.85 to 0.085 years for I = 1000 m. In this case, fluid focussing by the fault may extend 
beyond Ta before mineralisation reduces the permeability and fluid flow can no longer 
take place, but the steady state (Tb) will almost certainly not be reached if the matrix (~ 
is even a few orders of magnitude less permeable than the fracture system. 
A similar pattern of fluid pressure variation and fluid flow has been inferred from the 
electric analogue model of Matthai (1994) and Matthai and Fischer (1996). The results of 
these earlier models indicate (semi-quantitatively) that upon fault rupture, fluid pressure 
changes which can occur relatively quickly in the fault, propagate more slowly in the 
wall-rock. It may take years to thousands of years after rupture before a change in the 
charge and discharge region develops around a fault-fracture system, depending on the 
fault dimensions and permeability (Matthai 1994, Matthai and Fischer 1996). These 
results are similar to the results from the finite element model outlined above, where the 
time taken for the charge and discharge regions to start evolving is Ta' after which time it 
may be unreasonable to expect the fault system to remain unaffected by mineralisation or 
other deformation processes. 
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Figure 7.4 Plot of Ta v's fault permeability (kt) and Tb v's matrix permeability (kui) for fracture systems 
of varying length (1) from 10 m to 1000 m, according to the equations determined from the finite element 
model of Braun and Munroe (in prep.) (equation 7.10 and equation 7.11). In this graph, the values of Ta 
v's kt should be read independantly of the values for Tb v's ku.- The time Ta for a fault with a permeability 
in the range 10-9 m2 to 10-1s m2 is probably realised during fluid flow in most hydrothermal systems. This 
time is the time when the Darcy fluid flux in the fracture system is at a maximum. The uc,o fluxes shown 
are true for t < Ta and for the corresponding values of kt shown After the time T 8 , the fluid flux drops until 
a steady state flux is reached at time Tb· The time for a fracture system to reach steady state may or may 
not be geologically reasonable, depending on the permeability of the matrix (km), but for many fracture 
systems, mineralisation or a separate deformation episode may occur before a steady state fluid flux is 
reached. 
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The ratio of the fluid velocity in the fault to the fluid velocity in the matrix, away from the 
influence of the fault is defined as the focussing ratio (G) which is discussed for the 
steady state by Phillips (1991 ). 
(Braun and Munroe in prep.) (7.13) 
wKt 
For highly conductive fault systems such as fault-fracture zones, ~ » ~and G "°' l/w 
for the steady state (t > Tb). 
Since the steady state Darcy fluid velocity may never be reached before mineralisation or 
another deformation event, a fluid focussing ratio for the time t <Ta should probably be 
used for fault-fracture systems in the upper crust. 
(Braun and Munroe in prep.) (7.14) 
In general G(t >Tb) = l/w will probably be in the range 102 to 104 for most fracture 
systems, while G(t <Ta)= k/km is generally> 104• As a result, the fluid focussing ratio 
is probably much larger in most fault fracture systems where G (t < Ta) should be used 
for the initial stages of fracture. 
7. 7 Application to Stage II Mineralisation (Zone VII) of the Roamane 
.Fault Zone at Porgera 
The principles outlined above can be used to estimate the fluid volumes and times taken 
for mineralisation of Zone VII at Porgera. Zone VII contains approximately 150 t of 
gold, contained within layers of roscoelite and pyrite mineralisation which is hosted by 
the Roamane Fault Zone. If gold is transported by a magmatically-derived oxidised fluid 
from depth and deposited as a result of phase separation (Richards 199b, Richards and 
Kerrich 1993), the reduction in gold solubility can be estimated from the given the 
constraints outlined above. For a fluid with a maximum Darcy flux of u = 0.2 ms-• 
flowing up a fracture zone of length 500 m and width 1 m, 3 x 109 t of fluid (Pr = 950 kg 
m·
3) travels up the fracture in 1000 years (which may be a considerably longer geological 
period of time given that the fracture will only conduct in the period immediately 
following rupture). For deposition of 150 t of gold a decrease in the gold solubility of 
0.05 g gold per tonne of fluid is required, i.e. if the fluid is carrying 0.05 git gold then all 
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the gold must be deposited and if the fluid is carrying 1 git gold then the gold deposltion 
need only be 5% efficient. 
According to the model of Cameron et al. ( 1995. 1996) (Appendix 5), the gold is sourced 
from a relatively reduced fluid which was circulating in the carbonaceous shale wall-rock 
around the Porgera Intrusive Complex and depositing gold and base metals periodically in 
extension fractures under conditions of high fluid pressure (Cameron et al. 1995). 
Immediately following fault rupture, the gold concentration in the reduced fluid was 
probably of the order of 1 git (G. Cameron pers. comm.). If the fluid density (Pt) is 
estimated to be 950 kg rri3, then 1.053 m3 of fluid contains 1 g of gold. Therefore, 1.58 
x 1 D8 m3 of fluid contains 150 t of gold. If it is then estimated that gold precipitation in 
Zone VII is approximately 80% effective during stage II mineralisation, then 
approximately 2 x 108 m3 of the reduced fluid is required to be channelled into the 
Roamane Fault Zone to generate Zone VII and VITA. The gold is thought to be 
precipitated from the reduced fluid when it mixes with an oxidised fluid (Cameron et al. 
1995) which may be focussed by another fault-fracture network beneath the Roamane 
Fault Zone. 
The k, of the fault-fracture system at Porgera is likely to be 10·ll to 10-9, based on the fluid 
velocities indicated by the pebble breccia. The matrix permeability Ckm) for the 
carbonaceous shale at Porgera is likely to be of the order of 10·20 m2 (range of 10-18 to 
10-23 m2 for shale reported by Brace, 1980) and is able to contain high fluid pressures 
during stage I mineralisation. It has been suggested previously that Ta is a reasonable 
period of within which a fracture system might be expected to focus fluid until 
mineralisation reduces the permeability to background levels, whereas Tb (steady state) is 
not likely to be reached before mineralisation or another deformation. The focussing ratio 
of the fault zone should be that of G (t < T8 ) (equation 7.14). 
Fork,= 10·11 to 10·9 m2 and~= 10-20, G = 1011 to 109• If the Darcy fluid velocity in the 
fault (uf) fort< Ta is 0.002 to 0.2 m s-1 then the Darcy fluid velocity in the matrix (um) is 2 
x 10-14 to 2 x 10-12 m s- 1• 
Considering the above Darcy fluid velocities for a fault-fracture zone which has a vertical 
extent of 1000 m, a horizontal extent of 1000 m and an undefined width (such as the 
Roamane Fault Zone) we would expect a flow into the fault of 4 x 10·8 to 4 x 10-6 m3 s·1 
over both sides of the 1000 m x 1000 m area of the fracture system. For 2 x 108 m3 of 
fluid to move into the fault would take approximately 159 million years to 1.59 million 
years which is probably not possible given the life of the hydrothermal system and the 
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time t =Ta of 0.85 to 8.5 years for fault-fractures with the permeabilities mentioned 
above. Therefore. if the carbonaceous shale wall-rock has a permeability of the order 
10-20 m2 it may not be reasonable to expect enough of the reduced fluid circuJating in this 
rock to be focussed by the fault to precipitate a 150 t gold resource. 
Some other factors may have been involved in the focussing of the reduced, gold-bearing 
fluid from the wall-rock during the formation of Zone VII. A poro-elastic effect (see 
section 2.4) may be experienced by the carbonaceous shale in the vicinity of the fault 
during fault rupture, which may be particularly effective given the high fluid pressures in 
the wall-rock. This process may aid in the expulsion of fluid from the carbonaceous shale 
by increasing the effective fluid pressure gradient, although this effect is difficult to model 
quantitatively. Microfracturing of the wall-rock and fracturing along grain boundaries in 
the vicinity of the fault during fault rupture may be another effective mechanism for 
providing a fluid pathway for the reduced fluids from the carbonaceous shale. If this 
process were to take place, then the permeability of the wall-rock (k.n) may be of the order 
of 10-16 m2• 
If the wall-rock near the fault zone did have a permeability of approximately 10-16 m2 then 
G = 105 to 107 for the fault-fracture system. The fault could then channel 2 x 108 m3 of 
reduced gold-bearing fluid in 15.8 thousand years to 158 years. Because of the increased 
permeability of the wall-rock in this situation, the fault may be able to focus fluid bearing 
150 t of gold in a geologically reasonable period of time. Therefore, it is suggested that 
for the fluid mixing model of Cameron et al. (1995) to have operated at Porgera during 
stage Il mineralisation, significant grain-scale and mesoscale fracturing of the wall-rock in 
the vicinity of the Roamane Fault may have occurred to facilitate the transport of the 
reduced fluid into the fault-fracture system. Reactivation of the stage I sulphide veins (A-
type, B-type) during stage II mineralisation may have initially, partially facilitated the 
transport of reduced fluid into the Roamane Fault Zone, and may subsequently have been 
overprinted by the stage II (D-type) mineralisation as fluid pressures equilibrated in the 
Roamane FauJt Zone, i.e. the reactivation of the early sulphide vein structures may have 
initially enabled focusing of reduced fluid towards the fault zone and immediately after 
this, may have focussed the mixed stage Il fluid from the fault zone, resulting in a D-type 
mineralisation overprint on the sulphide vein. 
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8 CONCLUSIONS: STRUCTURAL CONTROLS ON THE 
FORMATION OF THE PORGERA GOLD DEPOSIT 
Previous chapters have detailed the structural history and tectonic evolution of Papua 
New Guinea and structural controls on hydrothermal fluid flow and gold mineralisation at 
the Porgera gold deposit. In this section the key controls on the formation of the Porgera 
gold deposit are evaluated and the dynamic relationships between deformation, structure, 
permeability, fluid movement and gold mineralisation at Porgera are discussed. 
8. 1 The Formation of the Large High-Grade Gold Deposit at Porgera 
Mumoe (1994a, 1994b, 1995a, 1995b), Mumoe and Cox (1994, 1996), Cameron et al. 
(1995, 1996) and Wall et al. (1995) consider that the Porgera deposit is a large high grade 
deposit due to the production of an effective fluid focussing system in which gold 
transport and deposition were particularly efficient during stage II mineralisation. The 
main factors which have contributed to the formation of the deposit include: 
• High temperature oxidised magmatic source, capable of transporting significant 
amounts of gold. 
• Post-compressional crustal setting which focused emplacement of the intrusive 
complex. 
• Mixing of the oxidised auriferous fluids with reduced fluids which are derived from 
the carbonaceous shale. 
• An active normal fault-fracture system which has focused fluid flow during stage II 
mineralisation. 
The structure has been particularly effective in localising fluid flow in the Porgera 
Intrusive Complex during mineralisation. The timing of formation of the Roamane Fault 
Zone and the development of stage II mineralisation may have been the most important 
factor in the formation of the deposit, since this mineralisation is responsible for the high 
gold grade of the deposit. Several key structural and tectonic controls outlined below 
have been important in the formation of high-grade gold mineralisation at Porgera. 
8. 2 Regional Tectonic Setting and Structural Setting at Porgera 
The Porgera gold deposit is located approximately 25 km south of the Lagaip Fault Zone 
in the highlands of Papua New Guinea. The Lagaip Fault Zone marks the northern most 
8 Conclusions Page 177 
extent of the Australian craton which makes up the basement of Papua New Guinea. 
Mesozoic to Miocene sediments which cover the northern margin of the Australian craton 
were deformed after collision of a southward moving arc terrane with the northern margin 
of Papua New Guinea in the Late Miocene, which resulted in folding and thrusting 
throughout the highlands. This shortening in the highlands can be constrained to have 
occurred from approximately 10 Ma by the youngest age of platform carbonate sediment 
(Darai Limestone) and by the age of magmatism and deformation in the New Britain arc 
(Smith 1990). The lack of offset in the magnetic expression of the Porgera Intrusive 
Complex, and the lack of displacement or deformation of the stocks, other than 
overprinting faults and fractures which formed during mineralisation suggests shortening 
occurred before emplacement of the intrusive complex. 
The regional ESE-WNW fold trace and ESE-WNW strike of thrust faults indicates a 
NNE shortening direction and a NNE-directed maximum principal stress (cr1) during 
shortening. This folding in the Porgera area (FB) has generated SSW-facing, horizontal 
folds. Another fold trend at Porgera (FA) is inferred from ESE-dipping limestone beds. 
Folding of the limestone is possibly a result of the action of the NE-SW-striking Porgera 
Transfer Structure which may have been active in the basement as a strike-slip fault 
during folding at shallower levels. Movement on the Porgera Transfer structure at depth 
could produce NE-trending folds, which may be rotated anti-clockwise during successive 
movements on the transfer structure. Alternatively, the competency of the limestone may 
have resulted in detachment and rotation during shortening. 
Emplacement of the Porgera Intrusive Complex is inferred to have occurred towards the 
end of the period of shortening, which may account for the approximately 50° - 60° 
southward tilting (top-to-the-south) of the intrusive complex imposed during 
emplacement and high temperature alteration (Clark and Schmidt 1993, Clark et al. 
1995). 
The NNE-directed maximum principal stress ( cr1) which prevailed during shortening, 
continued during the formation of stage I (B-type and A-type) extension fracture-veins at 
Porgera, although no significant shortening of the sediment occurred at this time. At 
some point towards the end of stage I mineralisation, the stress field changed such that 
the NNE-directed maximum principal stress (cr1) became a NNE-directed minimum 
principal stress (cr3), which resulted in the formation of the Roamane Fault Zone in a 
strike-slip transtensional or extensional tectonic environment. The transition in stress 
field orientation marks the transition from stage I extension fracture-veining, to stage Il 
fault-hosted mineralisation. Not only did the mechanics of deformation change when the 
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Roamane Fault Zone formed, but fluid flow pathways were changed dramatically, which 
resulted in two distinct stages of mineralisation forming, which were controlled by 
different structures. The change in the mechanics of deformation from extension veining 
to strike-slip and normal fault movement probably represents a transition in the evolution 
of the stress field following collision of the southward moving arc with the northern 
margin of Papua New Guinea and stabilisation of the convergent margin. 
8. 3 Tectonic Influence on Magmatism 
The prevailing tectonic conditions may have played an important role in the formation of 
magmas with the potential to carry and exsolve the ore (chalcophile) elements found in the 
Porgera deposit. 
Collision of a southward moving arc with the northern margin of Papua New Guinea in 
the Late Miocene resulted in cessation of southward dipping subduction. Melting of the 
subducted slab and mixing of this melt with mantle-derived partial melts resulted in the 
evolution of hydrous, oxidised magmas. These magmas, have the ability to scavenging 
ore metals from the source and/or basement and country rock through which the magma 
passed. The melts were able to migrate to a lower pressure, higher temperature 
environment which occurs at convergent margins, where Cu (and Au?) are better able to 
move into the hydrothermal phase during magma crystallisation (Candela 1995). The 
high oxidation state of the Porgera magmas also allowed the ore-forming elements to 
exsolve to the hydrothermal phase during magma crystallisation due to suppression of 
sulphide crystallisation (Wyborn 1994, Candela 1995). 
8. 4 Key Structural Processes Involved in Stage I Mineralisation 
Stage I mineralisation is characterised by the appearance of sulphide-rich (B-type and A-
type) veins (consisting mainly of pyrite, sphaleri.te and galena) which are spatially 
associated with the exposed stocks. Although stage I mineralisation is most prevalent in 
stocks near the Roamane Fault Zone, other stocks in the intrusive complex host stage I 
mineralisation (Corbett 1980) indicating stage I hydrothermal fluid flow occurred 
throughout the intrusive complex. The spatial relationship between the stage I veins and 
the exposed intrusions suggests that stage I fluid localisation was related to the intrusions. 
Fluid up-flow from depth was probably localised by fractures at the margins of the stocks 
and within the stocks. 
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Most stage I veins have formed in extension fractures, while some in the northern part of 
the surface mine, have formed in conjugate faults (Norman 1995) or occur associated 
with angular (implosion ?) breccias which are inferred to be related to faulting (Sibson 
1985, 1986, 1987). Stage I veins which formed in NNE to NE-striking extension 
fractures which are sub-vertical in the underground mine (and less commonly sub-
horizontal), and form two orthogonal sets, dipping NW and SE in the surface mine. The 
orthogonal sets of stage I veins indicates periodic flipping of the stress field, probably as 
a result of subsidence or resurgence of the intrusive complex at depth. The NNE to NE-
strike of the stage I veins is tentatively correlated with a NNE to NE-directed maximum 
principal stress ( o'i), which is parallel to the NE to NNE-directed shortening in the 
Papuan Fold Belt which occurred prior to emplacement of the intrusive complex. After 
shortening, a NNE to NE-directed maximum principal stress (a 1) may have persisted at 
Porgera during stage I mineralisation although no shortening occurred during stage I 
veining. 
A low stress difference and high fluid pressure prevailed during the formation of stage I 
extension fracture-veins. The formation of sub-horizontal extension fracture-veins in the 
underground mine and in the surface mine indicates that fluid pressures (at least 
periodically) exceeded the lithostatic load. Indeed, high fluid pressure existed prior to the 
formation of stage I veins, and during the formation of a pre-stage I, vein-like breccia, 
which consists of fractures containing carbonaceous shale, minor altered sediment and 
altered intrusive fragments. Some of these vein-like breccias occur within intrusions and 
may be tens to hundreds of metres from the contact with carbonaceous shale, indicating 
the carbonaceous shale fragments were highly mobile during vein formation and migrated 
into the open fracture under the influence of high fluid pressure. 
Since stage I veins have no spatial, temporal or kinematic association with the Roamane 
Fault Zone, it is suggested that this structure was not active during stage I veining. The 
Roamane Fault Zone probably formed towards the end of stage I mineralisation but prior 
to stage II mineralisation. Had the Roamane Fault Zone existed, the anisotropy of 
foliation generated by the fault zone would have been exploited by the stage I fluids 
which were (at least periodically) at near-lithostatic fluid pressures. Stage I fluids have 
exploited intrusion - sediment contacts, intrusion - dyke contacts, sediment - sediment 
contacts and bedding during mineralisation, but not the Roamane Fault Zone. The 
formation of the Roamane Fault Zone changed the hydrothermal flow localisation in the 
intrusive complex, which may have caused the end of stage I mineralisation and the start 
of stage II mineralisation. Localisation of the Roamane Fault Zone may have been 
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influenced by the high fluid pressure, inferred to have been present in the area during 
stage I veining. 
8. 5 Key Structural Processes Involved in Stage II Mineralisation 
Stage II veins (C-type and D-type) were deposited during active deformation on the 
Roaniane Fault Zone and have formed within faults and fractures on this structure. 
Multiple layers of cataclasite and episodes of stage II mineralisation punctuated by 
brecciation events, suggests that deformation associated with the Roamane Fault Zone 
was a result of episodic fault-slip. Injection cataclasite and implosion breccia associated 
with the layered cataclasites and stage II mineralisation indicate sudden fault rupture 
occurred in between periods of no-slip. Lattice calcite in the stage TI mineralisation 
indicates the stage II fluid was subjected to significant decreases in pressure and phase 
separation due to the dramatically enhanced fracture-permeability of the fault zone 
following fault rupture. 
Early foliated cataclasite, observed in the breccias adjacent to the principal displacement 
zone and the splay faults, has been overprinted by the stage II mineralisation, suggesting 
the early cataclasite is associated with slip on the Roamane Fault Zone before stage II 
mineralisation. Pyrite, carbonate and quartz mineralisation is associated with the early 
cataclasite. Some of the pyrite has been dissolved and replaced by the carbonate and 
quartz. This dissolution may be similar to that of stage I sulphide, where overprinted by 
stage II mineralisation (Cameron et al. 1995), indicating the early pyrite in the fault zone 
may be more closely associated with the stage I mineralising event. The geometry of the 
splay faults and the principal displacement zone which have the early cataclasite suggests 
that this early slip may have been dextral, however no kinematic indicators from the 
cataclasites have been observed. 
During stage II mineralisation, normal fault-slip on the ENE-striking principal 
displacement zone, E-striking splay faults and normal re-activation of NE-striking stage I 
extension veins suggests a locally extensional tectonic environment with a (locally) 
vertical maximum principal stress (a1) direction and a horizontal NNW-directed minimum 
principal stress (a3) direction. Towards the end of stage II mineralisation, slip on the 
principal displacement zone had a normal - dextral component and in the post stage II 
mineralisation stage the Roamane Fault Zone became a dextral strike-slip fault zone 
(during F-type mineralisation). Therefore the Roamane Fault Zone may have evolved 
from dextral fault prior to stage II mineralisation, to normal fault during most of the stage 
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IT mineralisation. to dextral fault after stage II mineralisation. Activity on the fault zone at 
this time may have been influenced by a regionally transcurrent tectonic regime. 
Perturbation of the local stress environment to generate normal movement on the fault 
zone during stage Il mineralisation may have been influenced by deep level magmatic 
activity associated with the Porgera Intrusive Complex. 
During the early stages of formation of the Roamane Fault Zone, fluids focussed from the 
surrounding country rock by the fault zone may initially have been sourced from the 
carbonaceous shale surrounding the fault zone. These fluids may have been similar to the 
fluids responsible for stage I mineralisation, hence the pyrite ( + quartz + calcite) 
mineralisation which is partially dissolved in the presence of overprinting stage II 
mineralisation. As the fault zone be.came more extensive as a result of further fault-slip, 
and as normal fault-slip started, the fracture network became extensive enough to allow 
migration of exsolving fluids from depth, which were focussed by the subsidiary, sub-
vertical, fault-fracture networks in the footwall of the fault zone. Therefore a threshold in 
the size of the fault zone and connectivity between fractures was reached at the beginning 
of normal slip, beyond which, stage II mineralisation occurred as fluid was focussed by 
the sub-vertical fault-fractures and into the footwall breccia of the fault zone. Localisation 
of fluids from depth, to a region beneath the sub-vertical fault-fractures, probably 
occurred via another fracture zone or shear zone at the margins of the deeper stocks, 
beneath the Roamane Fault Zone. Increased connectivity between the fractures of the 
Roamane Fault Zone and other fracture networks at depth would have enabled upward 
vertical migration of fluids, over several hundreds of metres to kilometres. 
The total displacement on the Roamane Fault Zone of less than 200 m is estimated from 
the similarity in fossil ages of the carbonaceous shale and limestone across the fault. 
Even though the displacement across the Roamane Fault Zone is limited, many rupture 
events could have taken place during the formation of the stage II mineralisation. For 100 
m of displacement, 1000 equivalent M5 slip events or 250 equivalent M6 slip events 
could have occurred, to produce this displacement, if the shear stress drop as a result of 
the slip is approximately 3 MPa (Sibson 1989). 
The maximum rupture area for any one slip event on the Roamane Fault Zone may be 
defined by the extent of the mineralisation at Porgera. Zone VII extends for 
approximately 1000 m along strike and approximately 540 m of vertical extent is 
exposed. The real vertical extent may have been greater allowing for erosion. Given 
these constraints it might be expected that the rupture area for the fault would be 
approximately l km2, although the rupture area for any one event may have been larger, 
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given that the splay faults were also active. The rupture area for the MS and M6 
magnitude earthquakes would be approximately 10 km2 (equivalent to a fracture area of 
3.5 km diameter) to 100 km2 (equivalent to a fracture area of 11.2 km diameter) (Sibson 
1989). 
8. 6 Influence of the Roamane Fault Zone in Promoting Gold 
Mineralisation 
The effect of the appearance of stage II mineralisation has been to significantly increase 
the gold grade of the deposit, and concentrate the mineralisation into a single structure. 
Gold mineralisation associated with Zone VII and VIIA, and stage II mineralisation in the 
surface mine is controlled by the Roamane Fault Zone. The single largest concentration 
of stage II mineralisation is the footwall breccia, which occurs adjacent to the steepest part 
of the principal displacement zone. The steepest part of the principal displacement zone 
was the most dilational during normal slip. High-grade ore-shoots within Zone VII and 
VITA pitch steeply east, parallel to the normal slip plunge, indicating stage II (gold) 
deposition was controlled by fluid focussed into highly permeable fault-breccia zones 
which formed during deformation. Local (metre-scale) shoots of high-grade gold 
mineralisation also occur at the intersection between stage I and stage II veins, however 
these high-grade shoots do not greatly influence the gold-grade distribution over the entire 
fault zone. Therefore, the formation of the Roamane Fault Zone and focussing of the 
stage II fluid along this structure has been an important process in the formation of the 
deposit. 
Rupture of the Roamane Fault Zone at Porgera during stage II mineralisation has resulted 
in a significant fluid pressure decrease in response to the large increase in permeability 
(up to 11 orders of magnitude). This has resulted in phase separation within the stage II 
fluid and precipitation of lattice calcite. This process could result in destabilisation of 
gold complexes from the fluid during mineralisation (Richards 1990b ). The lattice calcite 
in the stage II mineralisation is often partially or completely replaced by quartz. Neither 
the calcite nor the quartz is associated with significant gold mineralisation. Therefore, it 
is suggested that the pressure decrease experienced by the system during each successive 
episode of slip of the Roamane Fault Zone has not had a significant influence on the 
deposition of gold. According to the fluid mixing model of Cameron et al. ( 1995) the 
formation of the Roamane Fault Zone allowed mixing of oxidised magmatic fluids from 
depth with relatively reduced fluids circulating at a shallower level in the carbonaceous 
shale wall-rock. Focussing and mixing of these two fluids within the fault zone is 
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interpreted as the most likely process for the formation of high-grade gold mineralisation, 
since a rapid decrease in the solubility of the gold complexes is required to form such 
high grades (G. Cameron, C. Heinrich pers. comm.). 
The pebble breccia from the footwall breccia of the Roamane Fault Zone has been used to 
estimate the fluid flow rate (flux) and permeability of the fault zone immediately after 
fault-slip and during stage II mineralisation. Fluid flow rates within individual fractures 
may have been as high as 1to2 m s-1 (atleast periodically) while the permeability may 
have reached values as high as 10-10 to 10-9 m2 immediately after fault rupture. Estimates 
of the permeability of the carbonaceous shale from previously published values for other 
shales (Brace 1984), suggests that intact carbonaceous shale at Porgera may have had a 
permeability of approximately 10·20 to 10·18 m2• High fluid pressure which is inferred to 
have been present during stage I mineralisation may have been maintained by the low 
permeability of the shale. 
The permeability of the carbonaceous shale wall-rock is important to consider if the fluid-
mixing model of Cameron et al. ( 1995) is to be evaluated. If the carbonaceous shale 
wall-rock near the Roamane Fault Zone had a low perm~ability after fault-rupture, the 
potential fluid flow rate in the wall-rock is probably not high enough to focus enough 
fluid from the carbonaceous shale in a geologically reasonable period of time, to generate 
Zone VII/VIIA in the Roamane Fault Zone. Fracturing of the wall-rock during fault 
rupture, to generate a bulk permeability of approximately 10-16 m2 in the wall-rock 
surrounding the fault zone, may have enabled more of the reduced fluid, from sources 
further away from the fault zone, to be focussed into the fault zone, in the post-rupture 
period. A volume of fluid from the carbonaceous shale wall-rock of 2 x 108 m3 (carrying 
1 ppm gold) would need a minimum period of between 15 thousand years and 150 years 
if the wall-rock permeability was 10·16 m2 to generate enough gold to form Zone VII and 
VIIA, assuming gold deposition by fluid mixing (Cameron et al. 1995) was 80% 
efficient. This is the time required for the permeability of the wall-rock to remain at its 
post-rupture value. Mineralisation will reduce the permeability of the wall-rock such that 
fluid flow from the carbonaceous shale will not be maintained in the inter-seismic period. 
Therefore, the real time period required for movement of fluid from the wall-rock may be 
many times the minimum time period of 15 thousand to 150 years given above. 
Reactivation of stage I sulphide veins during movement of the Roamane Fault Zone could 
be responsible for increasing the permeability of the carbonaceous shale wall-rock and 
allowing the reduced fluid to be focussed towards the fault zone. Reactivation of the stage 
I veins may have enabled reduced fluid to flow towards the fault zone immediately post-
rupture, and may have been a site for stage II mineralisation at a later stage. 
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Two distinct processes occurred during active deformation associated with the Roamane 
Fault Zone and stage II mineralisation. Multiple layers ofbreccia and cataclasite from the 
fault zone suggest repeated episodes of rapid fault-slip were accompanied by dramatic 
increases in the fracture penneability and connectivity between fractures such that a 
significant decrease in fluid pressure within the fault zone resulted in phase separation 
during stage II mineralisation. Mineralisation of the faults and fractures to form D-type 
(quartz+ pyrite+ roscoelite +calcite) veins, sealed the fault zone prior to further rupture. 
Fluid migration from depth in the hydrothermal system and high fluid pressure in the 
carbonaceous shale wall-rock. generated during stage I mineralisation and maintained 
away from the influence of the Roamane Fault Zone during stage II mineralisation were 
responsible for increasing the fluid pressure around the fault zone in the period following 
mineralisation. Increasing fluid pressure around the fault zone resulted in further fault-
failure, re-opening of highly permeable fault-fractures and further stage II mineralisation. 
In this way, the Roamane Fault Zone was subject to fault-valve style activity (Sibson 
1987), however this process may not be responsible for the high gold-grades which make 
the Porgera deposit a world-class resource. Cycling of fluid pressure during active 
deformation by the formation of highly permeable fracture networks on the Roamane 
Fault Zone has resulted in focussing of fluids from depth and rapid vertical migration of 
fluids, phase separation of the fluids in the fault zone and precipitation of calcite and 
quartz-rich mineralisation during pressure and temperature fluctuations. 
Native gold mineralisation, in the stage II veins is associated with pyrite and roscoelite 
and was deposited as a result of mixing of fluid from depth with fluid in the carbonaceous 
shale wall-rock (Cameron et al. 1995). Effective mechanical mixing of these two fluids 
within the fault zone was probably achieved by a suction-pump type mechanism (Sibson 
1992) which operated during fault-slip. The steepest section of the principal displacement 
zone hosts the bulk of Zone VII and VIlA in the immediate footwall (footwall breccia) 
which was the most dilational part of the fault zone during normal fault-slip. During 
rapid fault-slip, this dilational segment of the fault zone (which is several hundred metres 
long) probably acted to focus and mix fluids from the carbonaceous shale wall-rock and 
the sub-vertical fault-fractures. The suction-pump mechanism also acted on a smaller 
scale to mix fluids in jogs (during implosion brecciation), associated with the E-W-
striking subsidiary splay faults and re-activated stage I veins. 
Therefore a fault-valve style mechanism may have operated on the Roamane Fault Zone, 
during episodic, fault-failure which has resulted in repeated episodes of brecciation and 
cataclasite formation, sealed by stage II mineralisation, however, efficient precipitation of 
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gold associated with roscoelite and pyrite may have been promoted by a suction-pump 
style mechanism, which operated during fault-slip, resulting in effective mixing of fluids 
from the carbonaceous shale wall-rock and from the hydrothennal system at depth. 
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APPENDIX 1 
STRONTIUM CHRONOSTRATIGRAPHY OF THE LIMESTONE AT 
PORGERA 
Strontium chronostratigraphy of four samples of limestone from Porgera was done in 
conjunction with David Whitford of the CSIRO Division of Petroleum. Resources. All 
analytical work was completed by the Division of Petroleum Resources in North Ryde, 
NSW under the direction of David Whitford. 
Temporal variation in the Strontium isotope (87Sr/86Sr) composition of seawater is 
manifested in limestone sediments. Whole rock 87Sr/86Sr ratios decrease systematically 
with depth (increasing age) in the Darai Limestone of Papua New Guinea (Whitford et aL 
1994) enabling an apparent age of the rock to be estimated when the 87Sr/86Sr ratio is 
measured. The four samples analysed are muddy pelagic limestone with some 
terrigenous silt (mud-sized detritus including fine-grained quartz). The samples contain 
plank.tonic Foraminifera indicating bathyal deposition conditions. There is no evidence 
for late metasomatism in the samples (Whitford pers comm). 
The Strontium isotope measurements for the four samples are shown in Table Al.l. 
Correlation of the 87Srl66Sr ages to absolute ages assumes diagenetic, hydrothermal and 
metasomatic effects are insignificant. The samples indicate approximate ages of 29 .3 to 
32.3 ±1 Ma according to the seawater curve of Hodell et al. (1991) and 32.3 to 36.9 ±1 
Ma according to the Mobil curve (Denison 1990). The Denison (1990) correlation 
suggests that the limestone at Porgera has an age of approximately 33 Ma in agreement 
with the age of the base of the Darai Limestone reported by Davies ( 1983). Sample 
PSMl 13 returned a slightly older age which may be a function of calcite veinlets present 
in the sample which could not be removed prior to analysis. 
The Hodell et al. (1991) age is extrapolated from data which is only calibrated to 24 Ma, 
which may introduce some errors in samples that have significantly lower 87Sr/86Sr ratios. 
The Denison (1990) cmve shows a change in slope at 25 Ma and indicates a significantly 
older age than the extrapolation of the Hodell et al. ( 1991) curve. For this reason it is 
considered that the closest approximation to the actual age of the limestone is given by the 
Denison (1990) data (Whitford pers comm). 
All the four samples of limestone returned similar 87Sr/86Sr ratios and ages within error. 
The samples (PSM062, PSM063 and PSMl 13) are from the surface mine and are located 
in the hangingwall of the Roamane Fault. Sample PSM123 is from the underground mine 
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and located in the f ootwall to the Roamane Fault Zone, 200 m deeper and approximately 
250 m further east than the other samples. 
Table Al. I Limestone strontium isotopic composition and estimated ages 
Sample 87Sr/86Sr 2 sem (%) Correlated Age (Ma) Correlated Age (Ma) 
Hodell et al. (1991) Denison 
(1990) (Mobil) 
PSM062 0.707922 0.0017 29.3 32.3 
PSM063 0.707863 0.0015 30.3 33.8 
PSM113 0.707742 0.001 7 32.3 36.9 
PSM123 0.707923 0.0015 29.3 32.3 
87Sr/86Sr ratios nonnalized to 86Srl88Sr = 0.1194. 
87Sr/16Sr ratios normafued to NBS987 87Sr/16Sr = 0.710235. 
Measured NBS987 87Sr/86Sr = 0.710260 ± 0.0026% (± 0.000018) (95% confidence limits). 
2 sem = 2 standard errors of the mean (20' !"1n). 
Modern seawater 87Sr/16Sr = 0.709168. 
Ages calculated from Hodell et al. (1991) and Denison (1990). 
Real errors to ages "" ± 1 Ma. 
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APPENDIX 2 
SHRIMP II ANALYSIS OF PGC183 (HORNBLENDE DIORITE) AND 
PSM203 (FELDSPAR PORPHYRY) 
This work was done in conjunction with the Ion Probe Group at the Research School of 
Earth Sciences, Australian National University. Sample preparation was completed by 
the author at the Research School of Earth Sciences. Analysis of the zircon was done by 
Ian Williams and the author using SHRIMP Il at the Research School of Earth Sciences. 
Reduction and interpretation of the data was completed by Ian Williams. 
Cathodoluminescence imaging (SEM) of the zircon was completed at the Research School 
of Biological Sciences at the Australian National University. 
A 2 .1 Sample Preparation 
Zircon was separated from approximately 1500 g of the feldspar porphyry (PSM203) and 
approximately 2500 g of the hornblende diorite (PGC183) using a procedure designed to 
minimise mineralogical cross-contamination. Each of the samples was first reduced to 
chips less than 1 cm in diameter using a splitter. The chips were sorted and any with 
original external surfaces were rejected. Those remaining were washed in water in a 
powerlul ultrasonic cleaner, then crushed to less than 250 µm grain size in a tungsten 
carbide ring mill. Crushing time was kept to a minimum to minimise breakage of the 
heavy mineral grains and the powder screened with disposable nylon mesh after each run. 
Fine grained material (less than 20 µm) was discarded by repeated settling and decantation 
in a large beaker of water. The concentrate of heavy minerals remaining were purified by 
settling in high-density liquids, first tetrabromoethane (2960 kg m·3) then methylene 
iodide (3300 kg m·3). The improved concentrate was subdivided into magnetic fractions 
using a Frantz-type isodynamic magnetic separator. Care was taken, however, not to 
subdivide the zircon population itself. Final zircon separation was by hand sorting. 
The zircon yields from both rocks were quite low. Because one of the objectives of the 
study was to determine the age difference between the two samples as accurately as 
possible both samples were cast in the same epoxy grain mount for ion microprobe 
analysis, 30 grains from the hornblende diorite (PGC183) and 70 grains from the feldspar 
porphyry (PSM203). Also included in the casting was a fragment of standard (RSES) 
reference zircon SL13. Following casting the zircons were cut with silicon carbide 
abrasive paper until their centres were exposed, then fine polished with 1 µm diamond. 
Appendix 2 SHRIMP II U-Pb-Th Page 198 
Prior to ion microprobe analysis the zircons were imaged by cathodoluminescence (CL) 
on an Hitachi S-2250N scanning electron microscope at the Australian National 
University Electron Microscopy Unit. The microscope was operated at 25 kV 
accelerating potential, and fitted with an internal parabolic reflector to enhance the CL 
signal strength. 
The little work that has been done so far on the origin of CL in zircon suggests that the 
signal strength and wavelength are the product of a number of factors, such as the 
intrinsic zircon luminescence, REE content, vacancy concentration and lattice damage. 
All vary on a fine scale in zoned zircon crystals, resulting in CL images being a very 
sensitive indicator of zircon growth structure, zoning patterns and U + Th contents (I. 
Williams pers. comm.). 
A2.2 Ion Microprobe Analytical Procedure 
Immediately prior to SHRJMP analysis the mount was washed thoroughly to remove 
surficial common Pb and a 50 A layer of high-purity gol~ was applied to the surface using 
an evaporative coater. The primary probe on SHRIMP II was a 1.5 nA, 10 kV beam of 
mass-filtered negative 0 2, focused to an elliptical spot 25 by 30 µm diameter. Positive 
secondary ions sputtered from the target were extracted at 10 kV, mass analysed at a mass 
resolution of approximately 5500, and the 'Zx, Pb, U and Th isotopic species of interest 
measured on a single electron multiplier by cyclic stepping of the analyser electromagnetic 
field. Under these operating conditions the count rate for Pb was approximately 25 
counts sec·1 ppm·1, equivalent to a sensitivity of 17 counts sec·' ppm·• nA-1• 
The radiogenic 206Pb/238U in the standard (SL13) was taken to be 0.0928, equivalent to an 
age of 572 Ma. No correction was made for the small (approximately 0 .25% per A.MU) 
instrumental mass fractionation of the Pb isotopes. 
The analytical uncertainties are one standard error precision estimates calculated by 
propagating the counting errors through the data reduction, including the correction for 
initial Pb. Isotope ratios were calculated by estimating the count rate for each isotope at 
the mid point of each analysis by linear regression of the count rate versus time. The 
uncertainties in those ratios were augmented appropriately in cases where there was 
significant non-linearity or scatter about the regression line. The uncertainties in the ages 
unless otherwise stated, are cited as 95% confidence limits, namely to, where tis 
'Fisher's t' . 
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Two methods of correction for initial Pb were used. For the young (Miocene) zircon 
there was insufficient radiogenic 207Pb present to measure radiogenic 207Pb/206Pb with 
sufficient accuracy to determine whether or not an analysis was concordant. Concordance 
therefore had to be assumed, and the radiogenic 206Pb/238U was calculated by subtracting 
the amount of common Pb necessary to achieve that concordance. For the older 
(Archaean) zircon the correction for initial Pb was made using the measured 204Pb. The 
isotopic composition assumed for the initial Pb was that of our principal laboratory 
contaminant, Broken Hill Pb. This was chosen because for most zircons the measured 
204Pb concentration was the same as that measured as surface contaminant on the standard 
zircon (-6-12 ppb). The exceptions were some of the older zircons (e.g. grains 8, 12 and 
19 from sample PGC183), in which the 204Pb locally was as high as 190 ppb. The 
Archaean grains were so rich in radiogenic 207Pb however, that the proportional correction 
to 207Pb was small enough in these cases for the corrected 207Pb/206Pb to be relatively 
insensitive to the exact initial Pb composition chosen. 
Individual zircon crystals from feldspar porphyry (sample PSM203) and hornblende 
diorite (sample PGC183) were dated using the U-Th-Pb method by SHRIMP II 
(Sensitive High Resolution Ion MicroProbe) at the Australian National University. Using 
the SHRIMP, small areas (-30 µm diameter) within single crystals of Uranium-rich 
minerals can be dated by the U-Th-Pb method. The feldspar porphyry sample was 
collected from the stock which is parallel to the strike of the Roam.ane Fault Zone. The 
zircon in the Feldspar Porphyry is unaltered despite the severe alteration of the phenocryst 
phases. The hornblende diorite sample is similar to the intrusive types dated using the K-
Ar method by Richards and McDougall (1990). 
A 2. 3 The Characteristics of the Porgera Zircon Separates 
The zircon from the feldspar porphyry (PSM203) are generally subhedral, prismatic, 
clear, weakly-coloured crystals (Figure A2.1A). In most cases the edges of the crystals 
are scalloped and the pyramids are rounded. Some faces are partly concave or show 
dissolution embayments (Figure A2.JA) which suggests partial dissolution of the zircon 
following the last stage of crystal growth. In some cases the zircons have elongate 
inclusions (probably apatite). No internal growth structures are visible under the optical 
microscope, however cathodoluminescence images indicate good growth zoning in most 
zircons. 
Appendix 2 SHRIMP II U-Pb-Th Page 200 
In the feldspar porphyry (PSM203 ), three different grain structures have been observed. 
1. Concentric euhedral growth zoning from centre to edge with no internal discontinuities 
in the more elongate grains (Figure A2.JA). 
2. Cores with truncated growth zones in more equant grains. Zoning in these grains 
indicates multiple episodes of zircon growth during crystallisation from magma (Figure 
A2.1B). 
3. Mottled cores characterised by an irregular, patchy distribution of luminescence (and 
trace elements) (Figure A2. l C) None of these cores showed any remnant euhedral 
growth zoning. The outer margins of the cores mostly were either rounded, or more 
commonly sharply irregular, in many cases appearing to truncate the internal structure. 
Overgrowing the cores of the later two types of zircon (and initially healing the 
irregularities in their shape) was zircon showing fine, concentric, euhedral growth 
zoning. Extremely thin, brightly luminescent rims occur on some of the grains (e.g. 
Figure A2.JB and Figure A2.JC). These rims are less than lµm thick and are 
overprinted by dissolution. 
Zircons recovered from the hornblende diorite (PGC183) are of two types. Most of the 
grains were small (less than 50 µm diameter), euhedral to subhedral, clear, almost 
colourless prisms. No internal structure and few inclusions were visible in the optical 
microscope. Like the zircons from the feldspar porphyry, a number of grains showed 
signs of late dissolution, such as rounded pyramids and concavities in the crystal faces 
(Figure A2.2A). Cathodoluminescence images of this population in most cases show a 
very simple internal structure consisting of concentric euhedral growth zoning from centre 
to edge. 
The second type of zircon was much less abundant (about 20% of the population). It 
consists of distinctly brownish, stubby, larger (greater than 50 µm diameter), subhedral, 
prismatic grains or grain fragments with clearly visible simple concentric euhedral zoning, 
in most cases throughout the whole grain (Figure A2.2B). In reflected light this zoning 
showed up through strong reflectivity contrasts, indicating that some areas of the grains 
were damaged by radiation. External surf aces of the grains exhibit dissolution similar to 
that on the clear grains, although generally not as pronounced. Cathodoluminescence of 
the zoned grains was uniformly extremely weak. 
On both these types of grains, thin brightly luminescent rims may be found on some 
grains (and in a late crack in one grain) (Figure A2.2A and Figure A2.2B). These rims 
are similar to those found on some of the zircon in PSM203 (feldspar porphyry). 
Zircon Separate - PSM203 (Feldspar Porphyry) 
A 
B 
c 
Figure A2. I Scanning electron cathodoluminescence images of zircons separated from sample 
PSM203 (feldspar porphyry) and analysed by the U-Th-Pb method on SHRIMP II at the Australian 
National University. Growth layering is not visible in transmitted or reflected light but is 
highlighted by the cathodolurninscence. The edges of the crystals are scolloped or show dissolution 
embayments (A and C). The grains may display concentric euhedral zoning from centre to edge 
(e.g. grain number 14 in C), they may consist of multiple stages of growth (B) and may have mottled 
centres (C). Some grains have thin brightly luminescent rims (C). The zircons analysed returned an 
age of 6.06 ±0.21 Ma (95% confidence). 
Zircon Separate - PGC183 (Hornblende Diorite) 
A 
B 
c 
Figure A2.2 Scanning electron cathodoluminescence images of zircons separated from sample 
PGC183 (hornblende diorite) and analysed by the U-Th-Pb method on SHRIMP II at the Australian 
National University. Growth layering is highglighted by the cathodoluminscence. The grains shown 
in A are from a population that returned an age of 5.87 ±0.15 Ma (95% confidence). The grain shown 
in Bis from a smaller population that returned an age of2766 ±10 Ma (2a) and the grain shown in C 
returned an age of 3669 ±26 Ma (2o). The Archaean age grain shown in B and C are inhereted from 
the basement beneath the Papua New Guinea highlands. The younger age is the magmatic age of the 
intrusive. The younger grains (A) are euhedral and show good growth zoning with thin brightly 
luminescent rims as are found in PSM203 (Figure A2.l). Both the younger grains (A) and the older 
inherited grains (B) exhibit dissolution embayments. The older grains also have thin brightly 
luminescent rims which indicates growth of these rims after incorporation of the older component into 
the melt. 
Appendix 2 SHRIMP ll U-Pb-Th Page 203 
One zircon (grain number 6 on Figure A2.2C) was different from both these types. It 
was a large (100 µm diameter) clear, optically structureless, anhedral crystal fragment 
without crystal faces or edges. Most of its surfaces appeared to be fracture surfaces. 
Cathodoluminescence imaging showed the grain to be euhedrally zoned throughout, 
though with some discontinuities. This grain is actually a fragment of a much larger 
crystal (originally ~150 µm diameter). 
A2.4 U-Pb-Th Isotopic Analyses 
The U-Pb-Th isotopic analyses of the individual zircons from the two Porgera samples 
are listed in Table A2.1, Table A2.2 and Table A2.3. These analyses are one standard 
error precision estimates based on counting statistics. The uncertainties in the final ages 
given below, unless otherwise stated, are 95% confidence limits. 
Feldspar Porphyry 
The zircon from the feldspar porphyry (PSM203) show a wide range of, and above 
average, Uranium contents (180~9550 ppm). 
Figure A2.3 shows the analyses plotted on a Tera-W asserburg concordia diagram, in 
which the axes are 207Pbl2°6Pb and 238Ul2°6Pb. For the Porgera data this plot is favoured 
over the more conventional Wetherill concordia diagram, which plots 206Pb/238U against 
207Pb/235U, for three reasons. 
1. The Tera-Wasserburg diagram defines a straight mixing line which intersects the y-axis 
at the 207Pbl2°6Pb of the initial Pb, and the concordia at the age of the zircons. 
2. Analytical errors are much less strongly correlated in the Tera-Wasserburg than in the 
Wetherill diagram, simplifying statistical analysis of the data. 
3. Scaling of the Tera-Wasse_rburg diagram is better suited to displaying analyses of 
young U-Pb systems. 
The near-linearity of the uncorrected analyses in Figure A2.3 and the fact that they-
intercept of the line of best fit is consistent with the common Pb having the same 
207Pb!2°6Pb as the common Pb from Broken Hill (the principal laboratory contaminant) 
show that the analyses can reasonably be interpreted as different mixtures between 
laboratory common Pb and a radiogenic Pb component of a single age. Correction of the 
data consists of extrapolating from the common Pb composition, through each point to the 
concordia and thereby determining for each the radiogenic 238U/206Pb. In an ideal system 
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each of these estimates would be equal within analytical uncertainty (I. Williams pers. 
comm.). 
One of the 17 analyses has a significantly higher radiogenic 238U/206Pb which differs from 
the mean by 3.19 standard errors. This may be caused by the loss of a small amount of 
radio genie Pb, although zircon retains Pb, U and Th very strongly. The effect of Pb loss 
is, to increase 238Ul2°6Pb as in the present case (I. Williams pers. comm.). 
Rejection of the outlying analysis leaves a weighted mean radiogenic 238U/2°6Pb of 1063. 7 
± 16.6 (OobservecU for 16 analyses. The Oobserved is used rather than Oexpected because the 
former reflects the increased uncertainty due to the small internal scatter (I. Williams pers. 
comm.). This is equivalent to a radiogenic daughter/parent (206Pb/238U) of 9.401x104 ± 
1.47 x 10·5• This uncertainty is an estimate of analytical precision. To get an estimate of 
analytical accuracy so that the age determination can be compared to other determinations 
based on similar or other isotopic systems, it is necessary to increment the precision 
estimate by the uncertainty in determining the mean composition of the standard (SL13) 
on the day PSM203 was analysed. Eighteen (18) standards were analysed during the 
course of the analysis of the sample PSM203 which gave a standard error of 0.48% on 
the mean. This adds an uncertainty of 4.5 x 1 o·6 to our mean, which is added in 
quadrature (square root of sum of squares) for a final uncertainty of 1.54 x 10-5• For 16 
estimates (15 degrees of freedom) the 't' multiplier is 2.130, which means that our 95% 
confidence limit is 3.28 x 10-s. This is equivalent to an age of 6.06 ± 0.21 Ma (Munroe 
and Williams in prep). 
H analysis 10.1 is not rejected the weighted mean radiogenic 238U/206Pb is 1068.6 ± 18.2. 
This is equivalent to a radiogenic 206Pb/238U of 9.359 x 104 ± 1.59 x 10-s. To obtain the 
measure of analytical accuracy the precision estimate is combined with the uncertainty on 
the standard (0.48% on 18 analyses = 4.5 x 10-6). This uncertainty combined in 
quadrature gives a final uncertainty of 1.65 x 10·5 and t = 2.120 for 17 analyses (16 
degrees of freedom). Therefore our 95% confidence limit is 3.50 x 10·5 which is 
equivalent to an age of 6.03 ± 0.23 Ma which is very similar to the age of 6.06 ± 0.21 
determined by rejecting analysis 10.1 (Munroe and Williams 1996). 
We also get estimates of the zircon age from the measurements of 208Pb/232Th. The Pb-Th 
isotopic system is less widely used than the Pb-U for age measurements because it is not 
a paired system and it is therefore not possible to correct for isotopic disturbance. Also, 
232Th decays more slowly than either of the U isotopes, so less radiogenic 208Pb 
accumulates in a given time than does 207Pb or 206Pb and the analytical uncertainties 
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therefore generally are larger. Nevertheless, the 208Pbf32Th system may provide a useful 
cross-check when measuring the ages of relatively young zircon. All of the estimates of 
208Pbf32Th in the present case are equal within analytical uncertainty, giving a weighted 
mean of 3.10 x 10""' ± 6 x 10·6 ( cr). Adding the uncertainty in determining Pb-Th in the 
standard (0.48%) increases the uncertainty in the mean very little, to 6.2 x 10·6, which in 
tum gives a 95% confidence limit of 1.3 x 10-s. This is equivalent to a 208Pb/232Th age of 
6.26 ± 0.26 Ma, which is similar to the 206Pbt238U age above. 
Hornblende Diorite 
There are two distinct age groups in this sample. The first apparently precipitated from 
the diorite melt in the late Miocene, the second represents Archaean inheritance. 
The Uranium contents of the analysed younger zircons are bimodal. Seven of the 
seventeen measured Uranium contents are clustered about 500 ppm, most of the 
remainder are clustered about 1300 ppm. 
Plotted on a Tera-W asserburg diagram (Figure A2.4) the uncorrected analyses of the 
younger grains form a linear array which intersects the y-axis at a value consistent with 
the common Pb having the same composition as Broken Hill Pb. Correction of the 
analyses produces 17 estimates of radiogenic 238U/206Pb which show significant internal 
scatter. The scatter is attributable to one analysis which has significantly lower radiogenic 
238U!2°6Pb. It is possible that the presence of older components in the rock introduced a 
small amount of older radiogenic Pb in the area analysed or the analysis may be a genuine 
statistical outlier (I. Williams pers. comm.). 
Rejection of the outlying analysis leaves 16 analyses for which the radiogenic 206Pb/238U 
is equal within analytical uncertainty, giving a weighted mean 206Pb/238U of 9.113 x 10""' 
± 9.8 x 10·6 ( cr). The uncertainty in the measurement of Pb-U in SL13 adds an 
uncertainty of 4.5 x 10·6, giving a total uncertainty of 1.07 x 10·5 (cr), and 95% 
confidence limit of 2.29 x 10·5• This is equivalent to an age of 5.87 ± 0.15 Ma (Munroe 
and Williams in prep). 
If the outlying analysis is not rejected the 17 analyses give a weighted mean 206pb/238U of 
9.204 x 104 ± 1.32 x 10·5 (based on the observed standard error). The uncertainty in the 
Pb-U of SL13 combines an uncertainty of 4.5 x 10·6 giving a total uncertainty of 
0.0000139 (cr) and a 95% confidence of 2.95 x 10·4 (t = 2.12 for 17 analyses). This 
equivalent to and age of 5.93 ± 0 .19 Ma which is similar to the age of 5.87 ± 0.15 Ma 
determined for 16 analyses (Munroe and Williams 1996). 
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Figure A2.4 U238/Pb206 v's Pb207/Pb206 (Terra-Wasserburg) diagram for analysis of zircon from Sample 
PGC183 using SHRIMP. 
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All 17 detenninations of radiogenic 208Pb/232Th, on the other hand, are equal within 
analytical uncertainty, giving a weighted mean of 2.95 x 10-4 ± 6 x 10-6 (cr), the 
uncertainty on which increases marginally to 6.2 x 10-6 (cr) when the uncertainty on SL13 
is taken into account. The 95% confidence limit is 1.31 x 10-5, giving an age and 
uncertainty of 5.96 ± 0.26 Ma. This is similar to the age calculated from the mean 
radiogenic 206Pb/238U (Munroe and Williams 1996). 
A2.5 Timing of Intrusion of Feldspar Porphyry 
The analysis of the feldspar porphyry (PSM203) and the hornblende diorite (PGC183) 
can be used to test the model of previous workers (Richards 1990a, 1990b, Richards and 
McDougall 1990) who suggested that the feldspar porphyry was intruded late in the 
history of the Porgera Intrusive Complex, during mineralisation. The two samples and 
standard were analysed in rotation, i.e. both samples were analysed against the same 
standard analyses. Therefore there is little possibility of bias introduced by time-
dependent errors in standardisation. The only relevant uncertainties in the weighted 
means are the estimates of precision (I. Williams pers. comm.). Therefore the difference 
between 9.401 x 10-4 ± 1.47 x 10-5 (PSM203) and 9.113 x 104 ± 9.8 x 10-6 (PGC183) 
can be tested: 
A = 9.401 x 10-4 - 9.113 x 104 = 2.88 x 10-4 
se6 = "(1.47 x 10-5 2 + 9.8 x 10-6 2) = 1.77 x 10·5 
Therefore Afse6 = 1.63 (Afse6 should be greater than approximately 2 for a significant 
difference) which suggests that the difference is not significant. Therefore given the 
uncertainty of the two age determinations, there is less than a 5% chance that the ages of 
the two rocks are different. 
The results of the U-Pb (SHRIMP II) dating of zircon grains indicate that the feldspar 
porphyry (PSM203) and the hornblende diorite (PGC183) have the same magmatic age 
within error, indicating that the feldspar porphyry was intruded at approximately the same 
time as the hornblende diorite. Both these ages as determined by SHRIMP Il are the 
same (within error) as the magmatic age of 6.0 ± 0.3 (2cr) Ma detennined by the Kl Ar 
method on least-altered hornblende and biotite mineral separates (Richards and McDougall 
1990). 
A key question relates to the relative timing of the stage IT (fault-hosted) mineralisation 
with respect to intrusion of the feldspar porphyry. The age of the feldspar porphyry as 
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determined by SHRIMP II is 6.06 ± 0.21 Ma and the K-Ar age determination of the 
mineralisation (roscoelite) is 5.73 ± 0.13 (2cr) Ma. The standard error (cr) for the feldspar 
porphyry age determination is 0.099 (t = 2.132) and the standard error for the 
mineralisation age is 0.065. 
A= 6.06 - 5.73 = 0.33 
se4 = '1(0.0992 + 0.0652) = 0.12 
Therefore ll/se1:i. = 2.79 (ll/se1:i. should be greater than approximately 2 for a significant 
difference) which suggests that it is highly unlikely (less than 5% probability) that the 
feldspar porphyry was intruded during mineralisation. 
A2.6 Archaean Zircon in Hornblende Diorite (PGC183) 
The older zircons in the hornblende diorite (PGC 183) formed about 20% of the 
population. They are brownish, stubby crystals with subhedral prismatic faces and 
growth layering which is visible in transmitted or reflected light. Growth of the zircon 
has occurred in at least two stages in some of the crystals, however no age difference 
from the centre to the rims of the crystals has been measured. The external surfaces of the 
grains exhibit dissolution (Figure A2.2B) although it is generally not as pronounced as in 
the younger zircon crystals. One zircon (grain number 6) is a fragment of a large 
euhedrally zoned crystal which is distinct from the other zircons by its colour, size and 
growth zoning (Figure A2.2C). Some of the grains display thin brightly luminescent 
rims. These rims have been found in the Archaean zircon in PGC183 and the young 
zircon in both PSM203 (feldspar porphyry) and PGC183. 
Analyses of the older zircons from PGC183 are shown in Table A2.3. Old zircons from 
PGC183 have low Uranium contents (most below 400 ppm) and low Thorium contents 
(most below 400 ppm) unlike the younger zircons. The older zircons fall into two age 
groups. One grain (number 6, Figure A2.2C) is early Archaean while the other six grains 
are late Archaean. All the analyses of the Archaean grains were corrected for common Pb 
using the measured 204Pb because the radiogenic Pb contents are so high that the common 
Pb correction was very small, and in grains this old it is not valid to assume concordance, 
so the 207Pb correction could not be employed. 
The early Archaean grain (number 6, Figure A2.2C) is shown on the concordia in Figure 
A2.5. The two analyses of zircon grain number 6 are indistinguishable both in radiogenic 
206Pb/238U and radiogenic 207Pb/206Pb, so the most accurate estimate of age is that 
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calculated from the weighted mean 207Pbt206Pb (0.34139 ± 0.00299 (a)), namely 3669 ± 
26 (2a) Ma. 
The younger Archaean zircons show a wide range of discordance and fall into two age 
groups (Figure A2.5). The two analyses of grain number 3 are slightly discordant and 
give the same radiogenic 207Pbt206Pb (0.17688 ± 0.00085 (a)). equivalent to an age of 
2624 ± 16 (2a) Ma. The analyses of grain numbers 5, 8, 14 and 19 range in discordance 
from 17% to 55% but all have the same radiogenic 207Pbl2°6Pb within analytical 
uncertainty. This indicates that the loss of Pb from the zircons occurred relatively recently 
(probably within the last 100 Ma). The weighted mean radiogenic 207Pbf06Pb for the 5 
analyses that are less than 30% discordant (0.19272 ± 0.00053 (O")) gives an age of 2766 
± 10 (20") Ma which is significantly older than grain number 3 (Munroe and Williams in 
prep). 
The high U and Th contents and preservation of prismatic crystals suggests that the 
zircons have not been reworked throughout repeated sedimentary cycles. The country 
rock sediment at Porgera was derived from the Australian craton and so could be expected 
to have traveled some distance from source. Re-working not only rounds the crystal 
form, but also concentrates low U-Tb crystals by preferentially destroying the weaker, 
high U-Th grains. The prevalent lattice damage shows that these grains would be 
structurally weak, however they are intact, suggesting minimal re-working (I. Williams 
pers. comm.). The fine euhedral zoning of the zircons suggests an igneous rather than 
metamorphic precursor. The presence of lattice damage suggests that the old zircons have 
been in the magma for a very short time as exposure of the zircon to magmatic 
temperatures for prolonged periods will anneal the lattice (I. Williams pers. comm.). 
Therefore the Archaean zircons were picked up from an igneous or immature sedimentary 
rock in the basement which the magma passed through during rapid ascent. The 
basement of Papua New Guinea is approximately eight kilometres below the current 
exposure (Figure 4.2). The Strontium (87Sr/86Sr = 0.7035) and Neodimium (~d = +6) 
(Richards et al. 1990) suggest a mantle source for the Porgera magmas, indicating that 
Archaean crust does not form part of the source region for the magmas. 
The Archaean zircons show some dissolution as do the younger (6 Ma) zircons. 
Dissoloution probably occurred during the last stages of crystallisation and/or 
emplacement of the intrusive stocks and dykes. Although all zircons from both samples 
show some indications of dissolution with some crystals developing significant 
embayments, the preservation of crystal faces parallel to growth zones indicates that 
resorption may not have been extensive enough to have removed younger magmatic 
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overgrowths from the Archaean zircons. In no case was the younger zircon identified as 
an overgrowth on the older, suggesting that the older zircon became incorporated in the 
magma after it became zirconium saturated (late in the history of magmatism). In the 
absence of younger overgrowths on the Archaean zircons it is suggested that the older 
zircons did not spend a significant time in the melt and were extracted from the basement 
wall-rock of the pluton at 8 to 10 km depth with no traceable contamination of the magma. 
The magma was then rapidly emplaced to shallower crustal levels were it is now exposed. 
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Figure A2.5 Pb201fU23S v's Pb206fU238 (Wetherill Diagram) for analses of older zircons 
in Sample PGC183 (hornblende diorite). 
40 
Table A2.J Zircon analyses from feldspar porphyry PSM203 
Apparent Age 
Grain Location Pb (ppm) u (ppm) Th (ppm) Th/U Comm om Pb208/Pb206 Pb2<18ffb232 Pb206/U23s Pb20l!fib232 Pb206fU23s 
Area Pb206 (%) 
1.1 Prism, centre 1.0 731 1119 1.53 15.0 0.49 ± 6 0.00032 ± 4 0.00099 ± 6 6.4 ± 0.8 6.4 ± 0.4 
2.1 Prism, end 0.6 610 497 0.81 18.9 0.22 ± 7 0.00024 ± 8 0.00089 ± 4 4.8 ± 1.6 5.7 ± 0.3 
3.1 Prism, edge 3.8 2286 6498 2.84 5.8 0.95 ± 3 0.00032 ± l 0.00095 ± 2 6.4 ± 0.3 6.1 ± 0.1 
4.1 Prism, centre 1.3 1243 730 0.59 5.1 0.18 ± 3 0.00031 ± 5 0.00101 ± 3 6.2 ± l.O 6.5 ± 0.2 
5.1 Stubby, centre 0.6 512 456 0.89 15.7 0.30 ± 7 0.00035 ± 8 0.00105 ± 6 7.1 ± 1.6 6.7 ± 0.4 
6.1 Stubby, centre 0.8 715 757 1.06 18.2 0.39 ± 8 0.00033 ± 7 0.00089 ± 6 6.6 ± 1.5 5.7 ± 0.4 
7.1 Fragment, centre 2.1 1417 3190 2.25 8.4 0.70 ± 3 0.00030 ± 2 0.00096 ± 3 6.0 ± 0.3 6.2 ± 0.2 
8.1 Mottled centre 0.7 780 539 0.69 18.5 0.21 ± 8 0.00025 ±10 0.00085 ± 3 5.1 ± 2.0 5.5 ± 0.2 
9.1 Stubby, centre 0.6 626 519 0.83 25.4 0.23 ± 8 0.00024 ± 9 0.00088 ± 6 4.9 ± 1.8 5.7 ± 0.4 
10.l Fragment, centre 0.3 404 281 0.70 28.8 0.18 ± 9 0.00020 ±10 0.00076 ± 4 4.0 ± 2.0 4.9 ± 0.3 
11.1 Needle, centre 0.7 604 551 0.91 20.9 0.40 ± 6 0.00038 ± 6 0.00086 ± 4 7.7 ± 1.1 5.6 ± 0.2 
12.1 Prism, end 0.6 628 622 0.99 26.2 0.27 ± 6 0.00024 ± 6 0.00087 ± 4 4.8 ± l.l 5.6 ± 0.3 
13. l Prism, end 12.8 9547 15733 1.65 1.5 0.51 ± 1 0.00031 ± 1 0.00100 ± 3 6.2 ± 0.2 6.4 ± 0.2 
14.1 Needle, end 0.8 711 701 0.99 18.2 0.38 ± 5 0.00036 ± 5 0.00094 ± 8 7.3 ± 1.1 6.0 ± 0.5 
15.1 Needle, end 0.2 181 55 0.31 42.9 0.10 ± 17 0.00031±56 0.00099 ± 12 6.2 ± 11.4 6.4 ± 0.8 
16.1 Stubby, centre 2.3 2207 2448 1.11 9.5 0.34 ±4 0.00027 ± 3 0.00086 ± 4 5.4 ± 0.6 5.6 ± 0.2 
17. l Prism, end 1.7 1692 15'. 0.90 10.0 0.28 ± 3 0.00028 ± 3 0.00089 ± 3 5.7 ± 0.7 5.7 ± 0.2 
Table A2.2 Zircon analyses from hornblende diorite PGC183 (young grains) 
Apparent Age 
Grain Location Pb (ppm) U (ppm) Th (ppm) Th/U Comm om 
i 
Pb2os/Pb206 Pb20srrh232 Pb206/U23s Pb2ogffh232 Pb206/U238 
Area Pb206 (%) 
1.1 Prism, end 1.1 1166 700 0.60 11.0 0.19 ± 3 0.00027 ± 5 0.00089 ± 5 5.5 ± 1.0 5.7 ± 0.3 
2.1 5.2 1704 14461 8.49 11.1 2.70 ± 9 0.00030 ± 1 0.00093 ± 3 6.0 ± 0.3 6.0 ± 0.2 
4.1 Prism, end 1.2 1181 879 0.74 4.6 0.25± 3 0.00031±3 0.00094 ± 3 6.3 ± 0.7 6.1±0.2 
7.1 Prism, end 2.1 1855 1784 0.96 7.6 0.32 ± 2 0.00032 ± 3 0.00097 ± 4 6.5 ± 0.5 6.2 ± 0.2 
9.1 Prism, end 1.0 1008 835 0.83 8.6 0.28 ± 6 0.00030 ± 6 0.00090 ± 5 6.2 ± 1.3 5.8 ± 0.3 
10.1 Stubby, end 0.4 397 455 1.15 25.4 0.32 ±11 0.00025 ± 8 0.00089 ± 5 5.1 ± 1.7 5.7 ± 0.3 
11.1 Equant, centre 0.9 1040 612 0.59 12.7 0.17 ± 5 0.00024 ± 8 0.00086 ± 3 4.9 ± 1.6 5.5 ± 0.2 
13.l Equant, end 0.4 207 1084 5.23 53.8 1.58 ±24 0.00028 ± 5 0.00092 ±11 5.6 ± 1.1 5.9 ± 0.7 
15.1 Equant, centre 0.4 397 470 1.18 18.8 0.34 ± 6 0.00027 ± 5 0.00094 ± 5 5.5 ± 1.0 6.1 ± 0.3 
16.1 Mottled, end 3.9 2354 6680 2.84 3.6 0.94 ± 3 0.00032 ± 2 0.00096 ± 4 6.4 ± 0.4 6.2 ± 0.3 
18. l Mottled, centre 1.2 1185 1028 0.87 16.2 0.27 ± 5 0.00027 ± 5 0.00086 ± 3 5.4 ± 1.0 5.6 ± 0.2 
20.1 Stubby, edge 12.3 4822 32453 6.73 4.3 2.01±4 0.00029 ± 1 0.00096 ± 4 5.8 ± 0.3 6.2 ± 0.2 
21.1 Equant, edge 0.4 448 190 0.42 42.7 0.24 ±IO 0.00047 ±20 0.00084 ± 5 9.4 ± 4.1 5.4 ± 0.3 
22.1 Equant, edge 1.4 642 3172 4.94 35.0 1.27 ± 9 0.00027 ± 2 0.00105 ± 5 5.5 ± 0.5 6.8 ± 0.3 
23.1 Stubby, end 0.8 658 1251 1.90 11.0 0.58 ± 6 0.00026 ± 3 0.00085 ± 4 5.3 ± 0.6 5.5 ± 0.3 
24.1 Fragment, centre 1.5 1419 1142 0.80 17.0 0.29 ± 6 0.00033 ± 7 0.00090± 4 6.6 ± 1.4 5.8 ± 0.3 
25.1 Prism, centre 0.7 755 450 0.60 11.3 0.26 ± 4 0.00037 ± 6 0.00085 ± 3 7.6 .± 1.2 5.5 ± 0.2 
Table A2.3 Zircon analyses from hornblende diorite PGC183 (old grains) 
Apparent Age 
Grain Location Pb u Th Th/U Comm om Pb207 /Pb206 Pb20s/Pb206 Pb208fl'h232 Pb206/U23s Pb20&fl'h232 .Pb206/U23s Pb201 /Pb206 
Area (ppm) (ppm) (ppm) Pb206 (%) 
3.1 Prism, tip 110 200 83 0.41 0.43 0.1772 ± 12 0.112 ±2 0.133 ± 3 0.490 ± 8 2525 ± 59 2572 ± 37 2627 ±II 
3.2 Prism, edge 121 222 119 0.53 0.31 0.1766 ± 12 0.147 ± 2 0.131±3 0.476 ± 8 2483 ±56 2512 ± 33 2621 ± 11 
5.1 Stubby, edge 129 245 194 0.79 0.58 0.1928 ± 12 0.250±2 0.133 ± 2 0.420 ± 6 2524 ± 44 2261±29 2766 ± IO 
5.2 Stubby, end 175 3IO 234 0.75 0.83 0.1925 ± 11 0,334 ± 3 0.188 ± 3 0.426 ± 6 3490 ± 57 2288 ± 28 2764 ± 9 
6.1 Fragment, centre 58 62 25 0.41 0.94 0.3388 ± 40 0.104 .± 3 0.190 ± 8 0.747 ±19 3512 ±132 3597 ± 69 3658 ± 18 
6.2 Fragment, end 64 69 26 0.38 1.04 0.3445 ± 45 0.108 ± 4 0.212 ±12 0.745 ±26 3893 ±197 3588 ±98 3683 ±.20 
8.1 Stubby, centre 82 197 232 1.18 0.18 0.1922 ± 13 0.177 .± 2 0.053 ± 1 0.349 ±6 1032 ± 23 1929 ± 28 2762 ± 11 
8.2 Stubby, end 254 800 372 0.46 2 .06 0.1900± 17 0.552 ± 4 0.249 ± 5 0.210± 4 4495 ± 81 1227 ± 20 2742 ± 15 
12.l Stubby, end 127 495 845 1.71 0.60 0.1874 ±IO 0.316 ± 2 0.036 ± 1 0.196 ± 3 721±15 1152 ± 18 2719 ± 9 
12.2 Stubby, centre 238 932 2889 3.10 1.20 0.1778 .± IO 0.555 ± 5 0.030 ± 1 0.170 ± 3 605 ± 14 1012 ± 18 2633 ± 9 
14.1 Stubby, end 151 345 310 0.90 0.52 0.1929 ± 13 0.263 ± 2 0.101±2 0.346 ± 5 1951 ± 34 1914 ± 24 2767 ± 11 
19.1 Equant, centre 165 342 569 1.66 1.19 0.1930 ± 11 0.372 ± 2 0.079 ± 1 0.355 ± 5 1542 ± 26 1956 ± 23 2768 ± 9 
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APPENDIX 3 
LOCATION AND DESCRIPTION OF SAMPLES COLLECTED FROM 
THE PORGERA GOLD DEPOSIT 
PGC008, 2220 mRL M126. 
High-grade stage Il breccia (- 28 cm wide) from vertical fault-fracture system. Clasts in 
breccia are rimmed by pyrite. Quartz + calcite in vughs. 
Polished thin sections PGCOOBa, PGCOOBb, PGCOOBc, PGC008d. 
2211, 2220 mRL M126. 
High-grade E-W-striking stage II breccia from vertical fault-fracture. Pyrite+ Au layer 
on clasts. Late quartz + carbonate. 
Polished thin section 2211. 
2212, 2220 mRL M126. 
Brecciated altered sediment with stage Il quartz + pyrite + carbonate matrix. 
Polished thin section 2212. 
3611, 2360 mRL 22270 E. 
Gently SW-dipping breccia vein splay from a sub-vertical breccia-filled vein, 
approximately 3 m south of Roamane Fault, principal displacement zone. 
Polished thin section 3611. 
3613, 2360 mRL 22270 E. 
Layered breccia and cataclasite approximately 12 m south of Roamane Fault, principal 
displacement zone. 
Polished thin section 3613. 
36/4A, 2360 mRL 22270 E. 
Thick carbonate vein in Roamane Fault which indicates crack-seal growth. 
Large covered thin section 36/4A. 
36/4B, 2360 mRL 22270 E. 
Quartz vein adjacent to breccia with quartz + roscoelite matrix. 
Polished thin section 36148. 
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3615, 2360 mRL 22270 E. 
Margin between breccia with roscoelite-rich matrix and quartz vein. 
Polished thin section 3615. 
3616, 2360 mRL 22270 E. 
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Foliated cataclasite. Asymmetric foliation well developed on steeply south-dipping fault 
plane. 
Covered thin section 3616. 
3618, 2360 mRL 22270 E. 
Stage Il injection cataclasite with quartz matrix in feldspar porphyry. 
Polished thin section 3618. 
PSMOOJ, Surface Mine. 
Late slickenside surfaces on reactivated stage I (pyrite + galena + sphalerite + quartz + 
carbonate) vein. 
PSM002, Western High Wall, Surface Mine. 
Bedding-parallel foliation in limestone overprinted by stage I mineralisation. 
PSM003, Surface Mine. 
Stage II polymict breccia with quartz matrix. Highly variable clast size and variable 
roundness. Some clasts of stage I mineralisation included in breccia. Multiple phases of 
becciation evident during stage n mineralisation. 
Polished thin section PSM003. 
PSM004, Surface Mine. 
Stage I mineralisation associated with brecciation in limestone. Angular clasts with pyrite 
+ sphalerite + galena matrix and late quartz. Breccia has developed adjacent to a well 
banded stage I pyrite + sphalerite + galena vein which has some brecciated wall-rock still 
attached but the vein is largely undisrupted. Stage I vein was deposited before brecciation 
and further stage I mineralisation with late quartz filling the vughs 
Polished thin section PSM004. 
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PSM005, 2220 mRL. 
Cataclasite and breccia with stage II mineralisation, hosted by altered sediments adjacent 
to the Roamane Fault principal displacement zone. Stage II mineralisation consists of 
roscoelite + pyrite + quartz and late carbonate. Late slickensides are present on the 
exposed fault surface. Extension shears in the fault indicate normal movement with a 
small component of sinistral shear. 
Polished thin sections PSM005a, PSM005b, PSM005c. 
PSM006, 22264 E, 11327 N, 2360 mRL. 
Stage I pyrite (B-type) vein with thin veinlet of late carbonate in altered sediment with 
dark alteration selvedge. 
Polished thin section PSM006. 
PSMOlO, 21931E,11536 N, 2700 mRL. 
Stage I (A-type) vein with late carbonate adjacent to a fault in the surface mine. The vein 
has been drag folded by shear on the fault. 
PSMOJJ, 22325 E, 11390 N, 2310 mRL. 
Breccia with stage Il mineralisation, from a 50-60 cm wide vein. Two phases of 
brecciation are evident in this vein. 1: Adjacent to the margin, angular to sub-rounded 
altered intrusive clasts in microcrystalline siliceous matrix. Some rare pyrite clasts. 2: 
sub-rounded to rounded intrusive and sedimentary clasts, quartz and A-type vein material 
with carbonate matrix. 
PSM012, 22387 E, 11345 N, 2220 mRL. 
Stage I - stage II composite (A-E-D-type). Late (stage m quartz fills sigmoidaljogs 
which indicate normal movement (re-activation) during stage II mineralisation. 
PSM013, 22390 E, 11360 N, 2220 mRL. 
Stage II, quartz - roscoelite vein parallel to bedding in altered sediment. 
PSM014A, 22387 E, 11345 N, 2220 mRL. 
Composite stage I- stage II (A-E-D-type) vein in altered sediment. A"".E-type veins are 
offset by extension shears which formed during stage II quartz + roscoelite + calcite 
mineralisation. Extension shears indicate reactivated nonnal movement parallel to vein. 
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PSM014B, 22387 E, 11345 N, 2220 mRL. 
Composite stage I - stage II (A-E-D-type) vein in altered sediment. Slickensides on outer 
surface indicate dip slip movement and extension shears indicate normal movement during 
stage II, which overprints the stage I (A-E-type) vein. Vughs filled with late carbonate. 
PSMOl 5, 22429 E, 11359 N, 2220 mRL. 
Intersection between stage I and stage II veins. Brecciated clasts of altered sediment and 
igneous rock with quartz + roscoelite matrix. 
PSM016A, 22420 E, 11356 N, 2220 mRL. 
Composite stage I- stage II (A-E-D-type) vein in altered sediment. Overprinting and 
deformation of A-type vein by D-type vein. Quartz + roscoelite and comb quartz growth 
in extension shears. Matrix supports clasts of sub-angular to sub-rounded A-type vein 
and altered sediment. 
Polished thin section PSM016A. 
PSM016B, 22420 E, 11356 N, 2220 mRL. 
Composite stage !-.stage II (A-E-D-type) vein in altered sediment. Overprinting and 
deformation of A-type vein by D-type vein. Laminated A-E-type vein overprinted by 
extension shears with quartz + roscoelite matrix. 
Polished thin sections PSM016Ba, PSM016Bb. 
PSMOl 7, 22440 E, 11362 N, 2220 mRL. 
Composite stage I- stage II (A-E-D-type) vein in altered sediment. Slickensides indicate 
dip-slip movement and dilational jogs indicate normal movement on the veins during stage 
II mineralisation. Quartz lines vughs in dilational jogs. 
PSMOJB, 22375 E, 11285 N, 2220 mRL. 
Foliated angular breccia fragments from the Roamane Fault footwall breccia overprinted 
by late carbonate veins. 
PSM019, 22375 E, 11285 N, 2220 mRL. 
Cataclasite parallel to the Roamane Fault from the Roamane Fault footwall breccia. Three 
episodes of deformation of this rock have resulted in three distinct cataclasite layers with 
late carbonate veins overprinting the cataclasite layers. Breccia clasts are angular to sub-
rounded. Extension shears indicate normal movement during formation of the cataclasite. 
Polished thin section PSM019a, PSM019b. 
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PSM020, 22375 E, 11285 N, 2220 mRL. 
Thick calcite vein in centre ofRoamane Fault with slicks plunging shallowly west. 
Centre of the vein has incorporated some wall rock material. The edges of the vein are 
vuggy. 
Polished thin section PSM020. 
PSM021, 22375 E, 11285 N, 2220 mRL. 
Slickensides with shallow plunge which are symmetrical about the centre of the vein. 
Strike-slip movement on the Roamane Fault during growth of the calcite vein. 
PSM022, 22375 E, 11285 N, 2220 mRL . 
.Breccia in Roamane Fault with quartz+ roscoelite matrix. Vein is adjacent to the 
hangingwall black sediments. Late carbonate overprints the breccia 
PSM023, 22375 E, 11285 N, 2220 mRL. 
Breccia and cataclasite from the footwall breccia of the Roamane Fault. Clasts of altered 
sediment and carbonaceous shale with some late foliated cataclasite. 
PSM024, 22375 E, 11285 N, 2220 mRL. 
Breccia and cataclasite from footwall breccia of the Roamane Fault with angular altered 
sediment clasts in a fine grained quartz + roscoelite matrix. Later shearing has rounded 
clasts. Clasts may also have been rounded by high or low (explosion or implosion) fluid 
pressures without attrition. Dark (pyritic) material dominates foliation planes. 
PSM025A, 22144 E, 11330 N, 2220 mRL. 
Vertical fracture with stage II pyrite + quartz + roscoelite infill. Pyrite is early, quartz + 
roscoelite is later. Some late gypsum has been deposited in vughs. 
PSM025B, 22144 E, 11330 N, 2220 mRL. 
Brecciated altered sediments with stage II quartz + roscoelite + native gold infill. Late 
gypsum overprints other mineralisation. Some clasts are coated in pyrite, as in the pebble 
breccia from the core of the footwall breccia. 
PSM026, 22145 E, 11258 N, 2220 mRL. 
Foliated black shale from the Roamane Fault Zone, principal displacement zone. Normal 
movement indicated by foliation. 
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PSM027, 22068, 11312 N, 2620 mRL. 
Stage I (A-type) vein overprinted by carbonate vein which is then overprinted by sub-
horizontal N-S-plunging slickensid.es. Evidence for late N-S-striking faults at Porgera. 
PSM028, 22074 E, 11354 N, 2620 mRL . 
.Breccia with clasts of limestone, carbonaceous hale, intrusive and sulphide is overprinted 
by E-W-trending partially foliated cataclasite. The earlier breccia is offset by - 2 cm. 
Late carbonate and zinc-rich sphalerite fill the vughs. 
PSM029, 22117 E, 11419 N, 2630 mRL. 
Deformed stage I (A-type) vein adjacent to the Roamane Fault at the intersection with a 
west-trending splay fault. 
PSM030, 22174 E, 11438 N, 2620 mRL. 
Vein carbonate slickensides in carbonaceous shale, sub-parallel to the Roamane Fault, 
indicating nonnal movement. 
PSM032, 22150 E, 11258 N, 2220 mRL. 
Part of a 6 m wide footwall breccia to the Roamane Fault. Altered sediment clasts with 
siliceous matrix. 
PSM033, 21987 E, 11458 N, 2680 mRL. 
Foliated and brecciated contact altered carbonaceous shale adjacent to gabbroic intrusive. 
Brecciation probably occurred on contact with the intrusive. 
PSM034, 21971E,11450 N, 2660 mRL. 
Limestone with bedding-parallel foliation and fossil worm-tubes. 
PSM035, 22104 E, 11275 N, 2610 mRL 
Breccia and cataclasite adjacent to limestone. Stage II quartz matrix with late carbonate 
and bright red sphalerite crystals in vughs. 
PSM036, 22232 E, 11275 N, 2610 mRL 
Polymict ore-grade stage II matrix-supported breccia in hornblende diorite. Some 
incipient fracturing of clasts but many well rounded. Thin dark-coloured layers in the 
sample may be cataclasite. 
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PSM037, 22076 E, 11272 N, 2620 mRL. 
Vertical splay fault with stage II quartz+ carbonate breccia in coarse sandy limestone 
sediment. The clasts are angular fragments from adjacent wall rock and better rounded 
towards the centre of the vein. Some stage I (A-type) vein material has also been 
brecciated. Fragments are coated with carbonate and matrix infill consists of quartz + 
carbonate. 
Polished thin section PSM037. 
PSM038, 22074 E, 11297 N, 2620 mRL. 
Clast supported stage II breccia with clasts of stage I (A-type) vein, altered sediment and 
limestone in quartz + carbonate matrix. 
PSM039, 22074 E, 11312 N, 2620 mRL. 
Incipient brecciation of microgabbroic dyke and infill of stage II quartz + roscoelite + 
pyrite. Late carbonate and bright red sphalerite in the vughs. 
PSM040, 22107 E, 11276 N, 2610 mRL. 
4 m wide matrix supported breccia in limestone with overprinting cataclasite. Carbonate 
with late quartz matrix. Several cataclasite layers. 
PSM041, 22163 E, 11176 N, 2610 mRL. 
Fault breccia with clasts of stage I (A-type) vein and hornblende diorite. Strong strike-
slip over-print on fault. 
PSM042, 22055 E, 11416 N, 2660 mRL. 
Slickenside carbonate vein parallel to the Roamane Fault which indicate dextral strike-slip 
movement. 
PSM043, 22119 E, 11333 N, 2250 mRL. 
Composite stage I - stage II vein in hornblende diorite. Sub-vertical vein with indications 
that some normal movement may have occurred. Stage II mineralisation includes pyrite + 
quartz + roscoelite. Some quartz + roscoelite stringers parallel to the main vein. 
PSM044, 22138 E, 11328 N, 2250 mRL. 
Brecciated altered sediment with stage II quartz + roscoelite matrix and some late 
carbonate + gypsum. Large vughs in the breccia contain quartz and late carbonate. 
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PSM045, 22142 E, 11340 N, 2250 mRL. 
Stage I (A-type) vein overprinted by stage II quartz+ roscoelite +pyrite vein in 
hornblende diorite which has offset the stage I vein by - 3 m. Some telluride coats the 
pyrite in vughs. Slickensides on adjacent to the stage II vein suggest oblique normal -
dextral movement. Late carbonate, anhydrite and orange-red sphalerite occurs in vughs. 
PSM046, 22153 E, 11341 N, 2250 mRL. 
60 - 70 cm wide E-W-striking stage II quartz+ roscoelite +pyrite vein which forms part 
of the vertical extension fracture system. 
·PSM047, 21997 E, 11272 N, 2650 mRL. 
Stage I (A-type) vein adjacent to a microgabbroic dyke which is overprinted by a late 
calcite vein with shallowly plunging slickensides. 
PSM048, 22001 E, 11287 N, 2650 mRL. 
20 cm thick stage I (A-type vein) at contact of hornblende diorite and limestone which is 
overprinted by quartz + calcite vein and late calcite with late orange-red sphalerite. 
Shallowly plunging slickensides on the calcite vein indicate strike-slip movement. 
PSM050, 22006 E, 11301 N, 2650 mRL. 
Stage I (A-type) vein with late calcite, parallel to bedding-parallel foliation in limestone. 
Sub-horizontal slickensides in the c~cite indicate strike-slip movement. 
PSM051, 22056 E, 11181 N, 2650 mRL. 
30 cm wide breccia vein in hornblende diorite porphyry includes fragments of hornblende 
diorite and stage I sphalerite. A narrow vein of haematite + magnetite occurs on the edge 
of the vein. 
PSM052, 22377 E, 11298 N, 2250 mRL. 
Stage II quartz + roscoelite + mineralisation as matrix to altered sediment. Some late 
calcite brecciation also. 
PSM053, 22377 E, 11298 N, 2250 mRL. 
Cataclasite with carbonate matrix adjacent to the Roamane Fault. 
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PSM054, 22377 E, 11296 N, 2250 mRL. 
Foliated carbonaceous shale from the Roamane Fault displaying foliation which indicates 
normal movement. Some deformed calcite veins, altered sediment and intrusive clasts are 
also in the foliated gouge. 
Covered thin section PSM054. 
PSM057B, 22376 E, 11360 N, 2250 mRL. 
Intersection at a high angle of an early stage I (A-type) sulphide vein and a later stage II 
quartz + roscoelite + pyrite + native gold bearing vein. Extreme gold grades at the 
intersection of such structures indicate very rapid destabilisation of gold complexes during 
fault movement and fluid flow. 
PSM057C, 22376, 11360 N, 2250 mRL. 
Stage II quartz + roscoelite + pyrite mineralisation in altered sediment. The mineralisation 
is hosted by a fault jog which indicates normal fault movement. Extensional shears have 
formed parallel to the jog. Some breccias may have resulted from implosion. 
Polished thin section PSM057C (x2). 
PSM058, 22376 E, 11360 N, 2250 mRL. 
Stage I (A-E-type) vein by parallel stage II vein in altered sediment. The stage II vein has 
brecciated the stage I vein. Late quartz occurs in the vughs. 
PSM059, 22169 E, 11170 N, 2610 mRL. 
Stage I and parallel stage II mineralisation is overprinted by sub-horizontal calcite 
slickensides on a NW striking fault. Brecciated carbonaceous shale and stage I (A-type) 
vein is overprinted by stage II mineralisation (quartz + carbonate). 
PSM060, 22148 E, 11188 N, 2610 mRL. 
Brecciated vein with well rounded fragments of carbonaceous shale which are mostly 
unaltered but some clasts show phyllic alteration. The carbonaceous shale fragments are 
hosted by a vein which is overprinted by parallel stage I pyrite + sphalerite + galena + 
quartz + carbonate stringers and veins. Hosted by severely altered hornblende diorite. 
Polished thin sections PSM060a, PSM060b. 
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PSM061, 22123 E, 11231 N, 2610 mRL. 
Hornblende diorite hosting cataclasite and shear foliated cataclasite. Normal movement 
during mineralisation. Multiple cataclasite events recorded in this sample, some 
microcataclasites with quartz-rich matrix. 
Polished thin sections PSM06la, PSM06lb. 
PSM062, 22088 E, 11381 N, 2620 mRL. 
Limestone sample for 87Sr/86Sr chronostratigraphy. 
PSM063, 22072 E, 11351 N, 2620 mRL. 
Limestone sample for 87Sr/86Sr chronostratigraphy. 
PSM064, 22360 E, 11306 N, 2310 mRL. 
Foliated carbonaceous shale from the principal displacement zone of the Roamane Fault. 
Foliated shale fabric indicates normal movement on the fault. 
Covered thin sections PSM064a, PSM064b. 
PSM065, 22360 E, 11282 N, 2310 mRL. 
Stage Il quartz + roscoelite breccia adjacent to feldspar porphyry. Some breccia clasts of 
stage I (A-type) vein and clasts with dolomite stringers. Some late carbonate in vughs. 
PSM066, 22745 E, 11331 N, 2280 mRL. 
Stage Il pyrite + roscoelite veins in altered sediment and hornblende diorite in the 
footwall, immediately adjacent to the Roamane Fault. These veins apparently splay from 
the fault. 
PSM067, 22391 E, 11404 N, 2280 mRL. 
Sub-vertical quartz+ gypsum veins which overprint stage I (A-type) veins in hornblende 
diorite. 
PSM068, 22105 E, 11280 N, 2610 mRL. 
Stage II quartz + carbonate vein in coarse sandy limestone. Overprinting of early 
stringers preserved in clasts. Late quartz + carbonate infill vughs. 
PSM069A, 22058 E, 11365 N, 2640 mRL. 
Polymict breccia with clasts of limestone, carbonaceous shale and pyrite. Foliated 
cataclasite adjacent to the breccia and pyritic gouge at the edge of the sample (centre of the 
vein). 
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PSM069B, 22058 E, 11365 N, 2640 mRL. 
Polymict matrix supported breccia with well rounded clasts of pyrite+ sphalerite (A-type) 
vein, carbonaceous shale, limestone, intrusive and quartz. Some late carbonate with 
orange - red sphalerite. Foliated cataclasite near the centre of the vein (edge of the 
sample). 
PSM070, 21927 E, 11258 N, 2670 mRL. 
Sub-rounded clasts of limestone and limestone gouge overprinted by contact pyrite 
alteration. This breccia is overprinted by a stage I (A-type) vein. The breccia is probably 
a result of syn-intrusive contact brecciation of the sediments. 
PSM071, 22265 E, 11331 N, 2360 mRL. 
Stage I (B-type) mineralisation and stage II mineralisation overprinted by late carbonate 
brecciation. The stage I mineralisation is overprinted by (dolomite?) carbonate. This is 
then overprinted by the stage II mineralisation which is then overprinted by late carbonate. 
PSM072, 22265 E, 11348 N, 2360 mRL. 
Multiply (stage II mineralised) brecciated altered hornblende diorite. Several episodes of 
stage II mineralisation. Initial brecciation results in carbonate + roscoelite + quartz 
mineralisation. Re-brecciation results in roscoelite + quartz + calcite mineralisation. Late 
quartz lines the vughs. Rare fragments of pyrite may belong to stage I. 
PSM073, 22265 E, 11306 N, 2360 mRL. 
Stage II breccia and cataclasite between feldspar porphyry and altered sediment. Multiple 
episodes of cataclasite are recorded in this rock. Angular to sub-rounded clasts of 
intrusive, carbonaceous shale, altered sediment and stage I vein. Foliated cataclasite 
occurs in the centre of the sample. The breccia here is vertical and may form part of the 
hangingwall splay between the carbonaceous shale and feldspar porphyry. 
PSM074, 22270 E, 11346 N, 2360 mRL. 
2 cm thick stage II vein in hornblende diorite(altered). Quartz+ carbonate on side wall 
with a layer of roscoelite and infilled with quartz + roscoelite mineralisation. 
PSM075, 22270 E, 11310 N, 2360 mRL. 
Stage JI breccia and cataclasite in feldspar porphyry which is parallel to calcite stockwork 
veins. At least three phases of brecciation. The brecciated feldspar porphyry is 
overprinted by two phases of cataclasite with injection of the later cataclasite into the 
earlier fault products. 
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PSM076, 22496 E, 11347 N, 2360 mRL. 
Northward dipping normal fault, conjugate to the Roamane Fault with stage Il quartz 
mineralisation. Shear bands have fine grained quartz + roscoelite + pyrite mineralisation. 
PSM077, 22496 E, 11356 N, 2360 mRL. 
Stage Il breccia with alternating quartz + roscoelite + quartz + roscoelite + quartz vugh 
mineralisation. Vein is 2 - 5 cm thick with a 5 cm alteration halo. Stage I (B-type) vein is 
overprinted by the stage II mineralisation. 
PSM078, 22510 E, 11262 N, 2310 mRL. 
Breccia with rounded clasts of carbonaceous shale and altered intrusive. Most of the 
carbonaceous shale fragments are unaltered, however some are altered and some have 
altered rims indicating alteration during formation. Breccia is overprinted by a shear 
which forms part of the Roamane Fault Zone. 
PSM079A, 22760 E, 11333 N, 2220 mRL. 
Normal fault zone with angular altered sediment fragments and stage II quartz + roscoelite 
matrix. 
PSM079B, 22760 E, 11333 N, 2220 mRL. 
Sub-vertical veins with stage Il quartz + pyrite + sphalerite + galena mineralisation. 
Some incipient brecciation of wall-rock adjacent to veins. 
PSM080, 22685 E, 11332 N, 2220 mRL. 
Slab of unaltered hornblende diorite porphyry with rosettes of hornblende phenocrysts 
and pyroxene in feldspar groundmass. 
PSM081, 22147 E, 11366 N, 2600 mRL. 
Polymict Stage II breccia at the contact of hornblende diorite with carbonaceous shale. 
Clasts of intrusive, sediment and stage I (A-type) mineralisation. 
PSM082, 22137 E, 11208 N, 2610 mRL. 
Veins of carbonaceous shale overprinted by stage I mineralisation with late carbonate. 
Polished thin sections PSM082a, PSM082b. 
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PSM083, 21927 E, 11531 N, 2670 mRL. 
Altered breccia at the contact with a gabbroic intrusive. The intrusive surrounds clasts of 
the breccia. Therefore the breccia is either pre-intrusive or syn-intrusive. The contact 
relationship may suggest the brecciation of (wet) sediments occurred on contact with hot 
intrusive. 
PSM084, 22161 E, 11398 N, 2610 mRL. 
Stage I (A-type) vein in carbonaceous shale which is sub-parallel to the Roamane Fault in 
the surface mine. No movement indicators on this vein. Vein appears to have formed by 
extension fracture. 
PSM085A, 22465 E, 11357 N, 2220 mRL. 
Large area of brecciation with extensive quartz + roscoelite layer growth into vughs. 
Breccias such as this may have formed by collapse or implosion in dilational jogs. The 
scale of this structure is larger than the drive/x-cut. 
PSM085B, 22465 E, 11357 N, 2220 mRL. 
Angular altered sediment breccia fragments, invaded by quartz mineralisation with some 
layers of quartz + roscoelite + pyrite. Clast size is highly variable with largest vughs 
adjacent to the larger clasts. 
PSM086, Footwall Breccia Adjacent to Roamane Fault. 
Pebble breccia from the footwall breccia zone immediately adjacent to the Roamane Fault 
principal displacement zone. This breccia is characterised by concretionary pyrite 
mineralisation which formed while in suspension. Some clasts are fragmented during 
mineralisation. Pyrite + quartz + roscoelite mineralisation fills the matrix when pyrite 
concretions have formed. High gold grades found in this area which is in the core of the 
underground Roamane Fault footwall breccia. 
PSMJOO, 22040 E, 11211 N, 2640 mRL. 
Altered hornblende diorite with stage I mineralisation overprinted by stage II 
mineralisation. The sphalerite from stage I has been altered to a red-orange colour by the 
stage Il fluid. Shearing has occurred during stage Il mineralisation. 
Thin section (spray cover) PSMJOO. 
PSM101A, 22103 E, 11303 N, 2610 mRL. 
Contact of carbonaceous shale and limestone which has been brecciated during 
emplacement of intrusive. Stage I mineralisation overprints the breccia. 
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PSMlOlB, 22103 E, 11303 N, 2610 mRL. 
Sample of the incipiently brecciated limestone with fine-grained carbonaceous shale 
matrix. Explosion brecciation of the limestone with angular fragments. 
PSM102, 22120 E, 11228 N, 2610 mRL. 
Layered, foliated (graded?) cataclasite consisting of sub-rounded clasts of intrusive and 
rare stage I mineralisation. Cataclasite dips shallowly SW and is probabl:r part of the 
deformation associated with stage II mineralisation. 
Thin section (spray coat) PSM102. 
PSM103, 22152 E, 11245 N, 2600 mRL. 
veins of carbonaceous shale parallel to stage I (A-type) veins. Dark material 
(carbonaceous shale) is very fine grained and is overprinted by the stage I mineralisation 
and late calcite veins. Parallel veins indicates similar stress fields during formation. 
Thin sections (spray coated) PSM103a, PSM103b. 
PSM104, 22152 E, 11245 N, 2600 mRL. 
Layered vein of carbonaceous shale in altered hornblende diorite which is overprinted by 
stage I (A-type) vein and late quartz+ carbonate. 
Polished thin section PSM104. 
PSM105, 22147 E, 11255 N, 2600 mRL. 
Brecciated carbonaceous shale lenses which are parallel to stage II mineralised shear 
which is - 2 m wide. Carbonaceous shale breccia is - 5 mm wide and is adjacent to stage 
II cataclasite. 
Polished thin section PSM105. 
PSM106, 22145 E, 11260 N, 2600 mRL. 
Brecciated hornblende diorite and stage I (A-type) mineralisation from vertical E-W-
trending vein. Fragments are coated by quartz+ roscoelite and quartz occurs in vughs. 
The clasts of hornblende diorite are mostly angular but have some rounded comers. 
Multiple brecciation events in this sample. 
Polished thin section PSM106. 
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PSM107, 22137 E, 11279 N, 2600 mRL. 
Stage II mineralised cataclasite and fault/shear zone - 10 cm wide in altered hornblende 
diorite. Fine-grained siliceous matrix to breccia and cataclasite. Repeated slip events 
recorded in this sample. 
Thin sections (spray coated) PSM107a, PSM107b, PSM107c, PSM107d. 
PSM108, 22136 E, 11314 N, 2600 mRL. 
Breccia in limestone adjacent to the hornblende diorite. Clasts of stage I mineralisation, 
limestone and calcite in siliceous matrix. Repeated brecciation of clasts with silica matrix. 
Thin section (spray coated) PSM108. 
PSM109, 22155 E, 11266 N, 2590 mRL. 
Stage II mineralised cataclasite and thin dark-coloured layer in altered intrusive. Quartz-
rich alteration. Dark-coloured layer is probably fine-grained pyrite or silica. 
Thin section (spray coated) PSM109. 
PSMllO, 22144 E, 11323 N, 2590 mRL. 
Stage II mineralisation adjacent to shear zone. The shear overprints stage I (A-type) 
mineralisation and carbonaceous shale breccia veins. Cataclasite gouge consists of 
fragments of hornblende diorite and stage I mineralisation . 
. Thin section (spray coated) P SM 110. 
PSMl 11, 22775 E, 11291 N, 2180 mRL. 
Quartz + roscoelite + pyrite + sphalerite + galena (stage m stockwork in altered sediment. 
The sphalerite is orange - red and may be zoned with a darker rim. Stage I mineralisation 
in this area consists of only B-type (pyrite) veins. 
Polished thin section PSMJ 11. 
PSM112, 22780 E, 11279 N, 2180 mRL. 
Foliated carbonaceous shale from the principal displacement zone of the Roamane Fault 
which displays characteristic foliation which indicates normal movement. 
PSM113, 22136 E, 11343 N, 2590 mRL. 
Limestone sample for 87Sr/86Sr chronostratigraphy. 
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PSM 114, 22258 E, 11410 N, 2590 mRL. 
Highly altered feldspar porphyry intrusive overprinted by quartz + calcite + pyrite veinlet 
with late quartz + carbonate and late orange - red sphalerite. 
Thin section (spray coated) PSMl 14. 
PSM115, 22237 E, 11394 N, 2580 mRL. 
Highly altered intrusive hosting polymict breccia with fragments of altered intrusive. 
carbonaceous shale and stage I (A-type) vein with a silica matrix. Brecciation probably 
occurred during stage II mineralisation. 
Thin section (spray coated) PSMJ 15. 
PSMJ 16, 22810 E, 11322 N, 2280 mRL 
Stockwork of stage II stringers in the footwall adjacent to the Roamane Fault Zone. Host 
rock is partially altered carbonaceous shale. Mineralisation is quartz + roscoelite and late 
sphalerite in vughs. 
PSM117, 22810 E, 11330 N, 2280 mRL. 
Stage II quartz + roscoelite + pyrite mineralisation in carbonaceous shale in a normal 
fault. Some brecciation of the carbonaceous shale and incipient alteration of fragments. 
Polished long thin section PSMJ ~7. 
PSM118, 22805 E, 11336 N, 2280 mRL. 
Stage II mineralisation in a small normal fault. The hangingwall side of the fault is 
foliated and the footwall is brecciated with stage II mineralisation matrix. 
Thin sections (spray coated) PSM118a, PSM118b. 
PSM119, 22810 E, 11332 N, 2280 mRL. 
Altered intrusive dyke in altered sediment. Stage II quartz + roscoelite +pyrite + telluride 
+ native gold +carbonate veins occur in the dyke. Some late sphalerite in vughs. 
PSM120, 22237 E, 11394 N, 2580 mRL 
Highly altered feldspar porphyry which is overprinted by a stockwork of pyrite + quartz 
+ roscoelite +native gold veins. Stage I (A-type) veins are overprinted by the stage II 
mineralisation. 
PSM121, 22237 E. 11394 N, 2580 mRL. 
Carbonaceous shale sample collected for nannofossil analysis. 
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PSM122, 22340 E, 11313 N, 2250 mRL. 
Slightly deformed limestone near contact with carbonaceous shale. 
PSM123, 22340 E, 11313 N, 2250 mRL. 
Limestone sample for 87Sr/86Sr chronostratigraphy. 
PSM124, 22340 E, 11244 N, 2250 mRL. 
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Foliated gouge adjacent to the Roamane Fault in the footwall which has been overprinted 
by calcite which has re-cemented the clasts. 
PSM125, 22330 E, 11372 N, 2400 mRL. 
Thin stage II quartz + roscoelite veins parallel to larger stage II breccia vein. 
Mineralisation sequence is calcite--?quartz-7roscoelite + pyrite + native gold--?quartz. 
The late quartz fills the vughs. Brecciation occurred during the roscoelite mineralisation. 
Polished thin section PSM125. 
PSM126, 22330 E, 11349 N, 2400 mRL. 
Homfels of the carbonaceous shale with some sericite + epidote alteration. 
PSM127, 22330 E, 11338 N, 2400 mRL. 
Quartz + chlorite + pyrite + chalcopyrite + tetrahedrite + sericite + calcite stockwork 
parallel and adjacent to a feldspar porphyry dyke in the footwall of the Roamane Fault. 
The stockwork is overprinted by the dyke indicating these veins are early copper-rich 
(porphyry copper-related) veins. 
Polished thin sections PSM127a (x2), PSM127b (x3). 
PSM128, 22810 E, 1337 N, 2280 mRL. 
Stage II mineralisation hosted by brecciated altered sediment. At least two stages of stage 
II mineralisation. Early sphalerite + quartz + roscoelite + pyrite matrix is overprinted by 
quartz + roscoelite stringers. 
Thin section (spray coated) PSMJ28. 
PSMJ29, 21840 E, 11418 N, 2640 mRL. 
Carbonaceous shale sample collected for nannofossil bio-zonation dating. 
PSM130, 21812 E, 11391 N, 2640 mRL. 
Carbonaceous shale and limestone which is laminated and graded. Unit youngs upwards 
to the west. 
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PSM131, 22805 E, 11361 N, 2280 mRL. 
Bedding in altered sediment with graded bedding. The top and base of the bedding have 
been sheared during bedding-parallel normal movement. 
PSM132, 21988 E, 11558 N, 2710 mRL. 
Carbonaceous shale near the Rambari Creek splay fault. Unit youngs SW. 
PSM133A, 22805 E, 11339 N, 2280 mRL. 
Foliated cataclasite with quartz + roscoelite + pyrite matrix to altered sediment breccia. 
Angular to sub-rounded clasts up to 1 cm in diameter. 
Thin section (spray coated) PSM133A. 
PSM133B, 22805 E, 11339 N, 2280 mRL. 
Foliated cataclasite with quartz + roscoelite + pyrite matrix to altered sediment breccia. 
The movement on the shear may have produced drag folds in the cataclasite. Vughs of 
late quartz. 
Thin section (spray coated) PSMJ 33B. 
PSM134, 22810 E, 11324 N, 2280 mRL. 
Foliated carbonaceous shale from the Roamane Fault with foliation which indicates 
normal movement during shear. 
PSM135, 22810 E, 11333 N, 2280 mRL. 
Cataclasite in partially altered carbonaceous shale. The slip planes host veins of stage II 
quartz + roscoelite + vugb quartz. 
Thin section (spray coated) PSM135. 
PSM136, 22805 E, 11348 N, 2280 mRL. 
Intersection between stage I (A-type) vein and stage II quartz+ roscoelite vein at the 
contact between carbonaceous shale and intrusive. Some re-mobilised native gold in 
vughs. 
PSM137, 22805 E, 11348 N, 2280 mRL. 
Graded bedding in altered sediment which indicates younging down to the north 
(overturned) assuming normally graded beds. 
Thin section (spray coated) PSMJ 37. 
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PSM138, 22345 E, 11278 N, 2250 mRL. 
Stage I (A-type) vein in carbonaceous shale which is overprinted by calcite+ gypsum 
veins. There is no alteration of the carbonaceous shale by the stage I mineralisation and 
no slip on the vein is evident (extension fracture). 
PSM139, 22338 E, 11259 N, 2280 mRL. 
Stage II quartz + pyrite + roscoelite + native gold + calcite + gypsum breccia parallel to 
stage I (A-type) vein. Where breccia occurs in altered sediment the clasts are 
predominantly altered sediment and where the breccia is hosted by inttusive the clasts are 
predominantly inttusive. Therefore the angular to sub-rounded clasts are proximal and 
only a small amount of movement can be inferred. 
Polished thin section PSMl 39. 
PSM140, 22345 E, 11257 N, 2280 mRL. 
Brecciated carbonaceous shale with thin sulphide veins (stage I ?) overprinting the 
breccia. 
PSM141, South-eastern scarp ofWangima intrusive. 
Vuggy quartz + Fe oxide +pyrite veins and stockwork in highly altered intrusive. 
PSM142, 22344 E, 11376 N, 2310 mRL. 
lO cm thick vein of stage Il mineralisation in hornblende diorite. 2 cm thick quartz + 
pyrite + roscoelite overprinted by late calcite which has brecciated the earlier 
mineralisation. 
Polished thin section PSM142. 
PSM143, 22344 E, 11359 N, 2310 mRL. 
Layered stage Il vein including layers of roscoelite-+quartz-+quartz + roscoelite-+ealcite 
in the vein. The last layer overprints some of the earlier mineralisation. Wall-rock 
collapse and cracking has occurred during the roscoelite mineralisation phase. 
Thin section (spray coated) PSM143. 
PSM144A, 22339 E, 11359 N, 2310 mRL. 
Stage Il roscoelite + pyrite + quartz mineralisation in breccia hosted by altered hornblende 
diorite. Native gold is associated with the roscoelite +pyrite and the quartz appears 
barren. Chalcedony and late calcite fills the vughs. 
Polished thin section PSM144A. 
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PSM144B, 22339 E, 11359 N, 2310 mRL 
Stage II roscoelite + pyrite + quartz mineralisation in breccia hosted by altered hornblende 
cliorite. 
PSM145, 22344 E, 11342 N, 2310 mRL. 
Stage II mineralisation and vuggy quartz + calcite hosted by altered sediment. 
PSM146, 22344 E, 11342 N, 2310 mRL. 
Altered hornblende cliorite with stockwork stage II mineralisation overprinting stage I (A-
type) vein. Stage IT mineralisation consists of pyrite + roscoelite + quartz + calcite + 
gypsum. Late quartz + re-mobilised gold + sphalerite + telluride. 
Polished thin section PSM146. 
PSM147, 22344 E, 11374 N, 2310 mRL. 
Sub-horizontal pegmatitic vein of feldspar in hornblende cliorite. 
PSM148, 22008 E, 11302 N, 2640 mRL. 
Cataclasite and brecciated stage I vein. Slickensides on edge of the vein. Two cataclasite 
events in the sample. Clasts of pyrite, sphalerite + galena, limestone, quartz in 
microcrystalline quartz matrix. 
Thin section (spray coated) PSM148. 
PSM200, 22120 E, 11746 N, 2700 mRL. 
Carbonaceous shale sample collected for nannofossil dating. 
PSM201, 22777 E, 11328 N, 2280 mRL. 
Carbonaceous shale sample collected for nannofossil dating. 
PSM202, 22600 E, 11360 N, 2310 mRL. 
Carbonaceous shale sample collected for nannofossil dating. 
PSM203, 22356 E, 11297 N, 2360 mRL. 
Altered feldspar porphyry from the centre of the large footwall feldspar porphyry 
intrusive in the centre of the Porgera gold deposit. Overprinted by quartz + calcite 
stringers. Sample collected for zircon U/Pb geochronology. 
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PSM250, Approximately 22200 E, 11500 N, 2580 mRL. 
Stringers of pyrite in carbonaceous shale with altered sediment halo around veins. 
Suggestion is that phyllic alteration of carbonaceous shale around intrusives is caused by 
this veining. 
PSM251, Approximately 22150 E, 11325 N, 2560 mRL. 
Brecciation vein of carbonaceous shale with quartz + roscoelite mineralisation (stage II). 
Polished thin section P SM25 l . 
PSM252, 22240 E, 11715 N, 2700 mRL. 
Two samples collected; PSM252A - vein, and PSM252B - spherical vugh or filled 
vesicle. Inclusions and veins of feldspar - hornblende pegmatitic material in cumulate 
Rambari augite hornblende diorite. Intrusives may represent late pegmatite fluid phase. 
Polished thin sections PSM252A, PSM252B. 
PSM253, 23560 E, 11824 N, 2311 mRL. 
Core from W angima I'715 with stage I mineralisation overprinted by stage II quartz -
calcite mineralisation. Stage I mineralisation is pyrite + sphalerite + galena with the 
sphalerite a yellow colour which may be induced by the stage II overprint. 
Polished thin section PSM253. 
PSM254, Approximately 22100 E, 11350 N, 2560 mRL. 
Brecciated altered sediment overprinted by quartz + calcite pyrite + proustite/pyrargyrite -
sphalerite +galena mineralisation (E-type). Several brecciation episodes affect this rock 
indicating explosive fluid activity during the stage 1 mineralisation. 
Polished thin sections PSM254a, PSM254b, PSM254c, PSM254d. 
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East (MG) North (MO) RL (m) Lithology Bedding (So) Cleav. (SI) A/8-type vn Fault Plane Subsid. Shear Slick.. Plane Slick. Plunge Other Comments 
dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth plunge azimuth 
22066 11 523 2720 carb sh 59 237 
21988 11558 2710 carb sh 77 228 Rambari CF normll 
21988 11558 2710 carb sh 51 260 SW of fault 
21988 11558 2710 carb sh 35 63 NE of fault 
22026 11568 2710 carb sh 66 220 
22028 11514 2710 carb sh 52 241 34 213 
22030 11516 2710 61 247 
22032 11521 2710 carbsh 67 235 
22033 11 561 2710 carb sh 67 235 
22036 11529 2710 carbsh 20 59 synfonn axial plane 351210 So north 
22036 11529 2710 carbsh 90 225 plunge07/134 So south 
22036 11552 2710 carbsh 22 353 small anticline 
22036 11552 2710 carbsh 49 7 
22036 11552 2710 carb sh 64 262 
22037 11537 2710 carb sh 52 232 
22037 11539 2710 carb sh 40 208 
22037 11547 2710 carb sh 66 175 
22037 11550 2710 so 2 18 sigmoidal vo al-a2 plane 74/195 bx, normal 
22037 11550 2710 a2 plunge 24/097 
21931 .11536 2700 1st 40 180 76 304 foldjn A-vn(drag?), plunge 39/005 So overturned ? 
21931 11536 2700 !st 54 168 
21931 11536 2700 1st 28 149 
21984 11515 2700 carb sh-lst contact 70/126 
21986 11509 2700 int-sed contact 77/139 
22120 11746 2700 carb sh S4 259 
22128 11752 2700 carb sh 74 246 
22132 11755 2700 carb sh 61 235 
22143 11762 2700 carb sh 79 252 
22207 11765 2700 int qtz +cc vein 76/161 
21978 11474 2680 1st S4 165 Soovenumed 
21987 11458 2680 57 144 53 142 
21987 11458 2680 59 87 59 152 
21987 11458 2680 SS 133 49 159 
21987 11458 2680 46 165 33 155 
21987 11458 2680 63 143 
21987 11458 2680 25 110 
21987 11458 2680 35 185 
21987 11458 2680 53 156 
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East (MG) North (MG) RL (m) Lithology Bedding (So) Cleav. (SI) NB-type VD Fault Plane Subsid. Shear Slick. Plane Slick. Plunge Other Comments 
dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth plunge azimuth 
21987 ll458 2680 38 187 
21987 11458 2680 52 132 
21927 11532 2670 lst-carb so 1S cont. carl:rlst SOI07S (So parallel-shear+bx) 
21927 llS32 2670 lst-carb early bx trending along berm 140 strike 
21963 11478 2670 1st 34 133 So overturned 7 
21911 11504 2660 carl:rlst 85 310 bksh/cs ooolllet also 
21917 LIS07 2660 !st 71 179 
21923 llSlO 2660 Isl 63 179 
21923 llSIO 2660 bt 60 76 
21923 11510 2660 1st SS 178 dexual (offsets A-vn) 
21930 11514 2660 carb-lst 32 SS b1t cslbs also here 
21937 11446 2660 Isl-earl> 44 130 cont So parallel shear carl>-lst 441130 
21950 11530 2660 1st 16 20 
21958 11538 2660 carb-lst 25 31 contact 
21971 ll450 2660 1st 49 175 So overturned 
21975 11552 2660 carb sh 35 192 
21981 11436 2660 lst-carb 38 97 62 161 21 89 cont. 111-cub 38/097 (So parallel) de1tual slicks 
21985 11433 2660 carb sh 60 155 
21998 11570 2660 carb-int so 223 contact, dyke inb'uded para to So 
22003 11423 2660 carb sh 50 145 
22011 11581 2660 carb sh 63 231 
22039 11599 2660 carb sh 70 231 younging SW ??? (up) 
22055 11416 2660 70 176 20 258 dextral slicks 
22055 11416 2660 70 180 23 262 
220SS 11416 2660 SS 172 16 252 
22055 11416 2660 37 159 12 232 
22055 11416 2660 S1 156 17 235 dexual slicks 
22055 11416 2660 57 154 244 dexual slicks 
22067 11619 2660 carbsh 83 214 
22077 11632 2660 carbsh 78 208 younging to NE · load casts 
22082 11636 2660 carb sh 81 237 
22088 11641 2660 carbsh 6.5 230 
22088 11641 2660 carbsh 47 187 
22088 11641 2660 carb sh 63 355 
22088 11641 2660 carb sh 30 115 
22094 11647 2660 carb sh 70 226 
22094 11647 2660 carb sh 82 236 
22('1}7 11645 2660 carb sh 68 241 
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East (MG) North (MG) RL (m} Lilhology Bedding(So} aeav. (SI) AJB-typc VD Fault Plane S11bsid. Shear Slick. Plane SUck.. Plunge Other Comments 
dip azimuth dip azimuth dip azimuth dip azimuth dip azimu1h dip azimuth plunge azimuth 
22098 11650 2660 carb sh 34 rt5 
22098 Ll650 2660 carb sh 12 53 small open fold 
22106 11654 2660 carb sh ax plane 391280; plunge 14/180 recumbent 
22106 11654 2660 carb-lst 32 338 COllUICI 
22110 11661 2660 carbsh 47 220 
22110 11661 2660 carb sb 20 290 
22113 11664 2660 carb sh 43 272 
22114 11663 2660 carb sh 50 207 
22121 11671 2660 carb sh 62 287 
22125 11669 2660 carbsh 25 245 
22127 11673 2660 carb sh 85 222 
22127 11673 2660 carb sh 50 140 
22127 11673 2660 carh sh 48 334 
22127 11673 2660 carb sh 65 206 
22127 11673 2660 carb sh 50 213 48 198 
22127 11673 2660 carb sh 50 225 46 198 
22127 11673 2660 carb ab 85 10 HW to fault 
22131 11669 2660 carb sh ax plane 521280; plunge 43n77 
22132 11673 2660 carb sh 48 290 
22135 11669 2660 carb sh 39 289 
22147 11673 2660 carb sh 21 294 
22147 11673 2660 carb sh 45 70 
22147 11673 2660 carb sh 30 242 para to So 
22153 11672 2660 carb sh 57 300 
22162 11670 2660 int dyke60/27.2 do.lerite 
22162 11670 2660 carb sh 45 273 W side of dyke 
22162 11670 2660 carb sb 48 260 E side of dyke 
22162 11670 2660 carb-int 33 88 
22163 116?3 2660 carb sh 48 265 
22171 I 1673 2660 carb sh 68 310 
22171 11673 2660 carb sh 50 265 
22171 11673 2660 carb sh 46 72 
22171 11673 2660 carb sh 12 183 
22208 11674 2660 carb sh 33 117 
22208 11674 2660 carb sh 34 117 
22208 11674 2660 carh sh 12 240 
22208 11674 2660 carb sh 37 8 
22208 11674 2660 carb sh 20 213 
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East (MG) Nonh (MG) RL (m) Lithology Bedding (So) aeav. (SI} A/B-typevn Fault Plane Subsid. Shear Slick. Plane Slick. Plunge Other Comments 
dip azimuth dip mmulh dip azimuth dip azimuth dip amnuth dip azimuth plunge azimuth 
222-08 11674 2660 carb sh 35 90 
22208 11674 2660 carb sh 23 130 
22208 11674 2660 carbsh 34 95 
22208 ll674 2660 carbsh 50 74 
22208 11674 2660 carb sh 18 .302 
22208 11674 2660 carb sh 21 305 
22208 11674 2660 carb sh 34 100 
22208 11674 2660 carbsh 37 158 
22208 11674 2660 carb sh 46 48 
22208 11674 2660 carbsh 32 103 
22208 11674 2660 carb sh 40 117 
22208 11674 2660 carb sh 40 86 
22208 11674 2660 carb sh 76 63 
22223 11672 2660 carb sh 42 72 
22223 11672 2660 carb sh 47 256 
22223 11672 2660 carb sh 7 218 
22223 11672 2660 carb sh 43 325 
22225 11675 2660 int 10 173 
22225 11675 2660 in! 24 205 
22225 11675 2660 int 44 263 
22225 11675 2660 int 18 261 
22225 11675 2660 int 43 66 
22225 11675 2660 int 15 305 
22225 11675 2660 int 40 120 
22225 11675 2660 int 50 58 
22225 11675 2660 int 5 185 
21857 11451 2650 carb-lst contact 581082 
21857 11451 2650 carb-lst 76 201 31 282 
21857 11451 2650 carb-lst 76 201 39 279 
21865 11448 2650 carb sh 87 45 bs with sandy/limey i-bcds 
21869 11454 2650 carb sh 61 242 bs with sandy/limey i-beds 
21931 11425 2650 carb-lst anastomosing contact 781165 
21940 11419 2650 1st 55 117 
21946 11406 2650 carb-lst contact 521108 
21946 11406 2650 1st 52 l15 
21946 11406 2650 1st 70 273 
21955 11400 2650 carb sh 62 170 49 116 
21955 11400 2650 carb sh 51 165 
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East (MG) North (MG) RL (m) Lithology Bedding (So) Cleav. (SI) NB-type vn Fault Plane Subsid. Shear Slick. Plane Slick. Plunge Other Comments 
dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth plunge azimuth 
2 1966 11390 2650 carb sh 44 134 
21967 11388 2650 carb sh 65 140 2cm 
21967 11388 2650 carb sh 79 347 !cm 
21970 IJ384 2650 lst-carb-int contacts 65/134 (dykes) 
21975 11378 2650 1st 68 5 
21978 11372 2650 1st 47 141 
21978 11372 2650 1st 49 137 sub-parallel to So 
21978 11372 2650 1st 47 144 sub-parallel to So 
21978 11372 2650 lst 60 326 
21982 11372 2650 75 350 shear contact bs-cs 
21989 11357 2650 1st 80 30 
21995 11343 2650 carb sh 76 157 
21995 11343 2650 carb sh 62 157 
21995 11343 2650 carb sh 50 153 
21996 l1261 "2650 55 340 vns follow dyke 
21996 11261 2650 55 335 55 355 26 265 some slicks on A-vn 
21996 11261 2650 55 355 36 275 some slicks on A-vn 
21996 11261 2650 55 351 vns follow dyke 
21996 11261 2650 60 330 vns follow dyke 
21996 11261 2650 45 192 vns follow dyke 
21997 11271 2650 35 131 11 58 small fault zone 
21997 11271 2650 38 138 31 99 
21997 11271 2650 25 77 24 60 another plane in fault 
21999 11279 2650 53 0 later cc vn 7ill218 cc 1>-print 
21999 11279 2650 26 275 
21999 11279 2650 87 251 
22000 11339 2650 lst 48 148 48 148 So parallel A-vein 
22000 11339 2650 !st 37 337 weaker A-vn 
22001 l l'.287 2650 67 162 14 246 int-carb con!Aet 76fl65(A-vn at cont.) slicks in ckle bx vn 
22006 11301 2650 !st 48 [43 0 53 weak slicks on So plane 
22006 11301 2650 1st 44 149 11 70 
22010 11215 2650 75 177 vns follow dyke 
22028 11187 2650 74 332 3cm 
22028 11187 2650 42 147 4cm 
22028 11187 2650 88 352 3cm 
22028 11187 2650 55 309 IOcm 
22028 11187 2650 72 318 3cm 
22028 11187 2650 80 3l3 2cm 
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Easi (MG) Nonh (MG) RL (m) Lithology Bedding (So) Cleav. (SI) A/B-typc vn Fault Plane Su bsid. Shear Slick. Plane Slick. Plunge Other Comments 
dip azimuth dip azimuth dip azin\uth dip azimuth dip azimuth dip azimuth plunge azimuth 
21967 1136 1 2640 carb sh 90 132 
21969 11357 2640 carb-lst contact 48/ I 20 A-vn parallel to contact 
21974 11350 2640 !st 40 149 
21974 11350 2640 1st 30 187 
21989 ll331 2640 !st 35 191 33 178 
21989 11331 2640 1st 36 195 35 239 
21997 11320 2640 1st 37 136 
21997 11320 2640 1st 47 136 
22008 11302 2640 !st 39 141 
22008 11302 2640 !st 45 199 14 i74 
22008 11302 2640 Isl 45 199 44 216 
22008 11302 2640 !st 50 129 
22008 11302 2640 1st vein 40/149 tight! y folded cc crack-seal 
22014 11294 2640 1st 45 171 
22014 11294 2640 1st 52 L5l 16 228 
22014 11294 2640 lst 60 199 S side of fault 
22014 11294 2640 1st 53 159 N side of fault 
22023 11270 2640 1st 73 176 5cm 
22023 11270 2640 1st 75 162 
22031 11273 2640 andesite dyke 65/340 
22050 11351 2640 1st 62 128 55 305 Bern vein 
22058 11365 2640 82 12 
22061 11370 2640 cont. cart>-lst 85/200 (some bx and shearing) 
22063 11374 2640 31 137 80 195 ckle bx orient approx 
22067 11381 2640 carb sh 45 (69 10 88 weakb)( 
22067 11381 2640 carb sh 43 168 5 82 weak bx 
22144 11490 2640 int-sed contact 461240 
22160 11450 2640 int-sed contact 90/002 
22073 11181 2630 75 347 
22073 11184 2630 36 274 35 355 
22073 11184 2630 35 228 45 333 conjugate 
22073 11184 2630 31 80 faults 
22073 11184 2630 47 18 alt sed-int contact 90/085 ckle bx 
22075 11171 2630 alt sed 36 242 
22110 11140 2630 54 160 3cm A-vn 
22117 11419 2630 50 170 RF'Z appro)( 
22067 11325 2620 Isl 78 13 
22067 11330 2620 82 76 7 346 
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East (MG) North (MG) RL (m) Lithology Bedding (So) Cleav. (SI) NB-type vn fault Plane Subsid. Shear Slick. Plane Slick. Plunge Other Comments 
dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth plunge azimuth 
22067 11330 2620 90 63 6 153 
22068 11312 2620 60 80 21 4 
22068 11314 2620 !st 75 125 80 79 18 352 later than splay 
22068 11314 2620 lst 68 I08 4 20 
22068 11314 2620 Isl 90 100 21 IO 
22068 11314 2620 Isl 43 203 32 223 earlier than N-S 
22068 11314 2620 !st 45 195 
22072 11327 2620 !st 83 196 
22072 11351 2620 1st 80 170 contact cs-bs 85/045 shear contact 
22074 11285 2620 !st 72 157 
22074 11297 2620 90 70 67 106 6 18 ckle bx veinlets 
22074 11297 2620 85 49 ckle bx veinlets 
22074 11308 2620 58 204 fault bx 
22074 11312 2620 87 94 16 8 dyke 62/295 
22074 11312 2620 59 73 25 0 
22074 11354 2620 84 27 63 17 bx at bs-cs contact 
22074 11354 2620 71 95 65 80 6 354 main 
22074 11354 2620 63 85 13 2 slick 
22074 11354 2620 63 67 32 356 plane 
22074 11354 2620 65 129 25 52 subsidiary slicks 
22075 11275 2620 1st 83 160 55 127 12 208 
22075 11278 2620 62 192 46 223 cataclasite bounding bx 
22075 11278 2620 74 192 89 153 sub fract not bx 
22075 11278 2620 40 180 small fault 
22077 11269 2620 62 44 int-1st contact 88/043 bx vein 
22077 11269 2620 47 22 bx vein 
22077 11272 2620 65 213 
22078 11368 2620 cont. lst-carb sh 76/075 
22082 11349 2620 85 205 ckle bx 
22088 11381 2620 1st 42 159 
22096 11394 2620 cont. lst-carb sh 60/037,50/168,471064 
22137 11418 2620 carb sh 50 218 HW splay orientation 
22145 11422 2620 60 141 21 218 
22145 11422 2620 57 133 17 212 
22145 11422 2620 65 128 14 211 
22152 11425 2620 carb sh 80 203 47 159 70 32 HW splay orientation 
22193 11442 2620 55 150 55 150 
22193 11442 2620 55 152 50 185 
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East (MG) North (MG) RL (m) Lilhology Bedding (So) Cleav. (Sl) A/B-type vn Fault Plane Subsid. Shear Slick. Plane Slick. Plunge Other Comments 
dip azimuth dip azimulh dip azimuth dip azimuth dip azimuth dip azimuth plunge azimuth 
22193 11442 26W 54 148 53 160 sub-parallel to RfZ. 
22193 11442 2620 56 155 54 178 
22193 11442 2620 60 149 54 185 
22223 11431 2620 carb sh 78 236 45 314 2cm shear zone 
22701 11348 2620 1st 77 165 
22!03 11303 2610 1st lst-carb sh bx contact 82/045 contact anastomoslng 
22103 11303 2610 1st 52 284 !cm 
22104 11294 2610 6S 35 68 115 9 202 cklebx 3m 
22104 11294 2610 43 33 80 108 6 198 ckle bx 
22104 11298 2610 60 55 rounded clasts of cs and bs 
22I07 11276 2610 76 to cataclasite/clde bx 
22110 11264 2610 !st 55 268 
22111 11260 2610 int-1st contact 50/270 
22112 I 1260 2610 55 191 C(D) stlye min 
22120 11238 2610 1st-int 42 175 D-vein (C-style) 
22120 11238 2610 1st-int 72 12 offset slightly by D-min 
22123 11231 2610 70 153 90 125 67 161 29 85 sin-norm movement 
22123 11231 2610 73 165 29 84 
22132 11215 2610 29 127 85 3 small ckle bx- silica vugs bs bx matrix, late cc 
22136 11388 2610 75 46 70 182 5 270 andesite dylr.e 521294 Im offset on fault 
22137 11206 2610 32 224 bs bx matrix, late cc 
22138 11389 2610 55 220 andesite dyke 651200 
22143 11195 2610 27 125 bs bx matrix, late cc 
22151 11396 2610 75 193 60 102 15 22 lOcm A-vn 
22151 11396 2610 56 108 10 25 dextral slicks 
22153 11182 2610 60 3 rosc-qtz stringers 
22159 11176 2610 75 180 80cm early shear zone 
22159 11176 2610 72 326 con-
22159 11176 2610 75 0 ju gates 
22161 11399 2610 carb sh 59 33 joint 30/ 173 
22162 11175 2610 72 157 64 144 20 224 40cm wide fault 
22162 11175 2610 73 162 26 244 
22163 11176 2610 75 165 
22170 11170 2610 37 306 90 138 85 142 30 230 slicks on fault 
22170 11170 2610 77 169 24 254 these slicks 
22170 11170 2610 80 169 34 253 cross cut 
22170 11170 2610 70 175 22 257 !hose above 
22172 11168 2610 alt sed alt scd-int contact 73/137 sheared contact 
Appendix 4 Summary of Structural Data from the Porgera Gold Mine 
East (MG) North (MG) RL (m) Lithology Bedding (So) Cleav. (SI) A/B-type vn Fault Plane Subsid. Shear Slick. Plane Slick. Plunge Other Comments 
dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth plunge azimuth 
22173 111 72 2610 int-1st contact 78/31.0 
22182 11169 26!0 62 150 approx 
22211 11412 2610 carb sh 55 143 
22217 11393 26!0 54 113 47 130 8cm A-vein 
22118 11351 2600 lst-carb contact 751192 dyke 11J1disrupted at contact 
22121 11345 2600 1st 50 163 
22126 11377 2600 carb-int contact- dyke trend 58/129 
22128 11344 2600 !st 54 23 27 307 shallow plunge 
22128 11344 2600 1st 54 23 54 18 apparently first occurring 
22128 11344 2600 1st 54 23 61 50 
22128 11344 2600 1st 54 23 63 5 
22128 11344 2600 Isl 54 23 58 62 
22129 11334 2600 1st 88 196 
22129 11334 2600 1st 88 196 83 47 83 47 c-cut A-veins 
22129 11339 2600 !st 77 180 
22129 11342 2600 Ist-carb contact 79/018 southern side 
22129 11342 2600 lst-carb contact 60/073 northern side 
22136 11313 2600 1st-int contact 781285 
22136 11314 2600 1st 78 236 73 283 
22136 I 1314 2600 !st 90 48 56 318 
22136 11314 2600 Isl 65 43 63 18 
22136 11314 2600 !st 78 236 6 324 horiz slicks c-cur vert 
22136 11318 2600 !st 90 335 
22136 11318 2600 lst-carb contact 811012 bx at contact.pre-A-vein 
22136 11328 2600 lst-carb contact 80/ 102 possibly thrust related 
22136 11328 2600 1st 65 186 
22137 11279 2600 int 82 0 C-min. with late cc 
22137 11279 2600 int 89 I 89 35 late + c-cut bx clasts 
22137 11288 2600 int 69 55 66 26 
22137 11288 2600 int 71 56 79 30 
22137 ll288 2600 int 63 40 60 JO 
22138 11302 2600 int 67 35 65 10 qtz-cc mtrx to bx 
22138 11302 2600 int 65 48 64 32 qtz-cc mtrx to bx 
22138 11307 2600 int 62 43 62 43 
22145 11260 2600 int 78 359 overall orientation 
22145 11260 2600 int 67 30 bs bx at edge of vein 
22145 11260 2600 int 66 10 
22145 11260 2600 int 50 IS 
Appendix 4 Summary or Struclural Dara from Ille Porgera Gold Mine 
East (MG) North (MG) RL (m) Lithology Bedding (So) Cleav. (SJ) AIB-type vn Fault Plane Subsid. Shear Slick. Plane Slick. Plunge Oilier Comments 
dip azimuth dip azimulh dip azimuth dip azimulh dip azimuth dip azimuth plunge azimuth 
22145 11260 2600 int 84 14 
22145 11260 2600 inl 65 20 smaller I 0 cm C-min 
22145 11260 2600 inl 66 10 cc stringers 
22145 11260 2600 int 35 234 injeclion of D-min + 
22145 11260 2600 int 37 254 bl! bx 
22152 11245 2600 int 38 158 with black shale bx 
22159 11370 2600 carb sh 80 25 
2213 1 11349 2590 lst-carb conlact 40/348 bx in black sh at conlact 
22136 11343 2590 1st 65 136 
22144 11323 2590 int 79 229 C/D min Sm wide 
22144 11323 2590 int 75 47 29 324 first fonn~ 
22144 11323 2590 int 15 47 65 350 
22144 11323 2590 int 15 47 61 108 
22144 11323 2590 int 80 95 ll 9 
22144 11323 2590 int 84 93 9 4 
22146 11303 2590 int 75 JO CID min 30cm wide 
22155 11266 2590 int 74 348 CID min. lop of waJ 
22155 11266 2590 int 47 345 bonomofwall 
22168 11394 2590 carb sh 53 195 no bx, only foliation 
22191 11408 2590 carb sh 60 314 
22198 11410 2590 carb sh 80 200 
22239 11252 2590 int 60 12 26 292 
22239 11252 2590 int 62 22 20 300 
22239 11252 2590 int 72 29 42 316 
22244 11409 2590 each-int contact 481263 10 cm wide coniact aureole 
22244 11409 2590 carb sh 51 290 
22244 11409 2590 int 70 158 12 244 
22244 11409 2590 int 82 152 3 63 
22258 11410 2590 carb-int conlllel 25/006 dyke/shoot 
22142 11331 2580 1st-int contact 9()(193 coarse cs 
22144 11345 2580 carb sb 75 117 10 204 
22144 11345 2580 carbsh 75 117 39 39 
22144 11345 2580 carb sh 70 115 44 42 
22144 11345 2580 carb sh 87 110 47 23 
22144 11345 2580 carb sh 67 117 30 193 
22144 11345 2580 carb sh 67 117 66 95 
22237 11394 2580 i.nt 72 173 19 257 
22237 11394 2580 int 71 170 36 245 
Appendix 4 Summary of Structural Data from the Porgera Gold Mine 
East (MG) North (MG) RL (m) Lithology Bedding (So) C leav. (SI) AIB-type vn Fault Plane Subsid. Shear Slick. Plane Slick. Plunge Other Comments 
dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth plunge azimuth 
22237 11394 2580 int 66 175 50 233 
22237 11394 2580 int 67 180 22 260 
22237 11394 2580 int 72 171 38 247 
22237 11394 2580 int 74 166 56 231 
22237 11394 2580 int 59 189 so 233 
22237 11394 2580 int 64 176 21 255 
22237 11394 2580 int-carb contact 361298 
22265 11399 2580 carb-int contact 30/35 altered feld porphyry, D-min 
22325 11367 2400 int 80 358 
22325 11367 2400 int 53 5 implosion? 
22330 11325 2400 carb-int contact 53/2 IO sheared 10 cm wide 
22330 11331 2400 int contact 83/1 81 sheared 
22330 11334 2400 int 37 SS 
22330 11338 2400 int dyke 50/317 chalcopyrite stockwork 
22330 11342 2400 int 78 .306 
22330 11350 2400 int 79 128 
22330 11351 2400 int 74 128 
22330 11360 2400 int contact 90/004 
22330 11363 2400 int 62 133 
'22330 11367 2400 int 75 128 
22330 11367 2400 int 85 0 steep reverse 
22330 11367 2400 int 74 140 47 212 not necessarily synchronous 
22330 11367 2400 int 7 1 138 40 210 with any mineralisation 
22330 11372 24oo int 85 45 20cm 
22330 11374 2400 int 83 125 IOcm 
22289 11357 2390 70 139 
22289 11357 2390 20 243 
22264 11353 2360 77 182 84 2 D-bx vn nonnal movement 
22265 11305 2360 carb sh 87 208 8 297 
22265 11306 2360 79 195 bx as • bs foliated 
22265 11311 2360 cc bx vein 80/015 
22265 11314 2360 cc yn stringers 78/030 
22265 11316 2360 all sed-feld porph contact shear 45/193 
22265 11317 2360 71 172 87 174 foliated and bx shear 
22265 11319 2360 60 172 81 176 anastomosing shear 
22265 11334 2360 80 183 44 266 cc vn l.Sm thick 77/ 198 calcite slicks in vein 
22265 11334 2360 69 202 47 268 rose in cc slicks 
22265. 11335 2360 68 175 
Appendix 4 Summary of Structural Data from the Porgera Gold Mine 
East (MG) North (MG) RL (m) Lithology Bedding (So) Cleav. (SI) AIB-type vn Fault Plane Subsid. Shear Slick. Plane Slick. Plunge Other Comments 
dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth plunge azimuth 
22165 11336 2360 B-vn 1161150 [PSM6] 
22265 11343 2360 80 317 B-vn 45/250 ( lcm) l-2cmA-vns 
22265 11343 2360 50 130 1-2cm A-vns 
22265 11345 2360 E-vn 831119 (I cm) 
22265 11347 2360 B-vns 70/306, 841320 (2cm) 
22265 11348 2360 82 3 earlier 8-vo 30/215 (ICJn) 0-bx vn rev movemen! 
22265 11351 2360 90 143 
22270 11309 2360 70 140 33 224 sinistral 
22270 11309 2360 81 300 36 216 
22270 11310 2360 70 15 cc mtrx in feld pmph 
22270 11346 2360 0-vns with la!e cc 881208 
22271 11352 2360 83 197 D-bx vn in hb di, late cc 
22419 11332 2360 70 162 76 353 subsid. shears 
22496 11333 2360 69 191 66 350 84 350 43 266 Jong axis of sigmoidal inclusions 49/185 subsid. shears 
22496 11333 2360 86 185 34 263 rose on slicks 
22496 L1333 2360 69 190 33 266 
22496 I 1333 2360 85 180 24 268 
22496 11333 2360 90 315 39 225 
22496 11333 2360 90 313 46 223 
22496 11333 2360 70 207 64 248 different se! 
22496 11333 2360 71 200 70 216 different set 
22496 11336 2360 D-vns rare bx lcm each 90/345, 681220 
22496 11347 2360 90 35 47 0 45 8 45 5 A-vn cut by (nonnal fault) l.4m offset 
22496 11356 2360 62 49 
22325 11390 2310 55 169 S0-60cm bx 
22339 ll340 2310 int 68 131 
22339 11357 2310 int 90 181 
22339 11359 2310 int 87 25 
22339 11359 2310 int 72 8 
22342 11337 2310 int 7S 125 
22343 11337 2310 int 75 143 
22344 11342 2310 alt sed 65 206 
22344 11344 2310 all sed-int contact 40/235 
22344 11350 2310 int 75 189 
22344 11357 2310 int 81 180 
22344 11359 2310 int 84 18 
22344 11363 2310 int 72 135 
22344 11374 2310 int pegmatitic feldspar veins 221193 
Appendix 4 Summary of Structural Data from the Porgera Gold Mine 
East (MG) North (MG) RL (m) Lithology Bedding (So) Cleav. (SI) NB-typevn Fault Plane Subsid. Shear Slick. Plane Slick. Plunge Other Comments 
dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth plunge azimuth 
22344 ll376 2310 int 54 15 
22344 11383 2310 58 21 norrow bx zone 
22344 11383 2310 int 83 207 
22344 ll387 2310 78 212 norrow bx vein 
22355 11278 2310 b.11/bs contact 871205 
22355 11306 2310 86 173 cc vn 81/190 normal movement 
22355 11306 2310 79 177 45 340 subsid. shean; 
22355 11306 2310 63 177 S fabric (S-C} 
22355 11306 2310 (JO 147 S fabric (S-C) 
22360 11288 2310 rose bx tn:nd into wall 75/080 
22360 11293 2310 cc vn 5-20cm thick 861201 
22360 11306 2310 alt sed 75 150 90 198 cc vn 731195 normal movement 
22360 11306 2310 alt sed 50 20 subsid. shears 
22360 11306 2310 alt sed 43 50 subsid. shears 
223(J() 11306 2310 alt sed 54 33 subsid. shears 
22360 11306 2310 all sed 63 175 
22360 11306 2310 alt sed 65 175 
22360 11306 2310 carb sh 75 173 37 252 set 1 
22360 11306 2310 carb sh 76 169 40 248 set I 
22360 11306 2310 carb sh 69 II 28 294 set 2 
22375 11384 2310 60 223 vuggy qtz bx zone 
22390 11375 2310 55 202 vuggy bx zone 
22510 11262 2310 70 ((JO shear wne xcuts bx zone 
22535 11322 2310 cart> sh 65 32 10 307 
22535 11322 2310 carb sh 80 180 19 267 
22535 11324 2310 71 171 46 175 normal as-bs contact RFZ 
22660 11341 2310 cart> sh 72 170 Roamane Fa.ult PDZ 
226liO 11350 23 10 carbsh 80 200 
22660 11357 2310 CMbtb 79 217 
22708 11371 2310 earl> sh 80 210 D-type vein 
22024 11278 2280 22 137 
22024 11278 2280 56 152 same vn as above 
22159 11267 2280 alt sed 34 222 
22338 11259 2280 int 32 320 AD bx vn 
22386 11405 2280 65 140 46 202 slicks on D-vns 
22386 11405 2280 40 161 34 198 slicks on D-vns 
22388 11400 2280 A-E-D vn [481165 · D-vn orientation) D-vn olprintB anisotropy of A 
22388 11400 2280 55 158 41 210 slicks on 0-vn 
Appendix 4 Summary of Structural Daill from the Porgera Gold Mine 
f.asl (MG) North (MG) RI.. (m) Lithology Bedding (So) Cleav. (SI) A/8-type vn Fault Plane Subsid. Shear Slick. Plaoe Slick. Plunge Other Comments 
dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth plunge azimuth 
22391 11404 2280 qtz..ec-gypsum vnR 771225 
22445 11220 2280 carb sh 23 205 22 183 normal movement 
22445 11220 2280 carb sh 25 192 23 163 
22445 ll220 2280 carb sh 82 162 
22445 ll234 2280 carb sh 71 262 3 173 
22445 11234 2280 carb sh 87 264 3 174 
22445 11278 2280 carb sh 85 84 8 355 
22445 11278 2280 carb sh 82 268 5 357 
22445 11278 2280 carb sh 84 264 0 354 
22445 11278 2280 carb sh dyke 641357 microgabbro 70 cm thick 
22445 11278 2280 carb sh 80 25 
22445 11278 2280 carb sh 80 26 28 110 
22445 11278 2280 carb sh 80 23 35 106 
22449 11290 2280 87 185 25 264 
22450 11215 2280 carb sb 90 275 21 185 
22450 11278 2280 carb sh 68 290 15 14 
22450 ll278 2280 carbsh 68 290 9 204 
22745 11341 2280 75 340 D-bx vn 
22745 11341 2280 90 340 smaller D-bx vn 
22780 11328 2280 75 185 bx adjacent lo RfZ 
22780 11332 2280 carb sh 36 165 
22780 11337 2280 cont. carb sh-alt sed 53/190, slightly sheared 
22780 11341 2280 alt sed 0 0 
22780 11344 2280 55 167 nonnal movement 
22780 11349 2280 alt sed 67 161 
22780 ll369 2280 alt sed 65 171 
22805 11321 2280 altsed 42 220 15 cm !hick 
22805 11322 2280 alt sed 58 217 
22805 11328 2280 alt sed 70 172 normal parallel to So 
22805 11331 2280 alt sed 60 208 
22805 11336 2280 alLsed 57 185 oormal? PSMI 18 
22805 11339 2280 altsed 75 299 
22805 11342 2280 alt sed 76 245 
22805 11347 2280 alt sed 65 188 
22805 11351 2280 all sed 84 215 stringers 
22805 11357 2280 alt sed-int contact 721290 dyke 3.5m wide 
22805 11358 2280 alt sed 64 295 late carbonate 
22805 11359 2280 alt sed 52 182 2cm wide 
Appendix 4 Summary of Structural Data from the Porgera Gold Mine 
East (MG) North (MG} RL (m) Lithology Bedding (So) Cleav. (SI} AfB·typc VD Fa.ult Plane Subsid. Shear Slick. Plane Slicl. Plunge Olher Comments 
dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth plunge azimuth 
22805 11361 2280 alt sed 52 199 lsr layer in bs 
22805 11363 2280 alt sed-carb 52 197 
22805 11364 2280 alt sed-carb 58 205 no.nnal movement 
22805 11369 2280 carb sh 70 302 
22805 11377 2280 carb sh 64 304 
22810 11322 2280 alt sed-carb 62 180 RF main shear 
22810 11327 2280 alt sed 58 175 O.min shear 
22810 11327 2280 alt sed 78 172 0-min shear (Reidels) 
22810 11330 2280 altscd 68 158 slip plunge ; 591184 normal movement 
22810 11330 2280 alt sed 72 20 qtz - rose stringers 
22810 11330 2280 alt sed 62 210 
22810 11332 2280 alt sed 58 178 30cm 
22810 11335 2280 alt sed 61 185 parallel to So 
22810 11337 2280 alt sed 60 163 main plane 
22810 11337 2280 alt sed 77 183 sleep normal 
22810 11337 2280 altsed 75 13 steep normal 
22810 11356 2280 altsed so 216 
22810 11357 2280 altsed 72 183 
22810 11359 2280 alt sed 63 164 O.min 5-IOcm 
22810 11363 2280 alt sed 90 145 stringers 
22810 11367 2280 alt sed 25 165 normal? 
22119 11333 2250 10 cm A-0.vn 8&158 normal movement 
22135 11330 2250 78 162 59 18 oblique nonn-dex 
22138 11328 2250 80 190 D bx vn, late cc 
22142 11340 2250 63 92 15 174 $inistral slicls 
22142 11340 2250 67 107 10 193 A-0-vn subpara. to sliw 80/131 sinistral sticks 
22142 11340 2250 74 177 54 242 
22142 11340 2250 66 185 51 241 I m offset on A-1}.vn 
22153 11341 2250 80 213 60-70cm [).vn splay 
22177 11328 2250 alt sed 90 3 
22180 11342 2250 80 180 [).vn 
22302 11311 2250 alt sed 88 193 
22302 11335 2250 alt sed 66 195 
22310 11357 2250 alt sed 47 212 
223 14 11361 2250 alt sed 80 205 
22315 11333 2250 alt sed 85 215 
22315 11338 2250 altsed 75 210 
22315 11347 2250 alt sed 77 195 
Appendix 4 Summary of Structural Data from the Porgera Gold Mine 
East {MG) North (MG) RL (m) Lithology Bedding {So) Cleav. (Sl) A/B-type vn Fault Plane Subsid. Shear Slick. Plane Slick. Plunge Other Comments 
dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth plunge azimuth 
2233l 11321 2250 Isl 83 55 ? 
22339 11288 2250 carb sh 80 225 
22340 11244 2250 carb-lst 74 178 late cc 
22340 11301 2250 alt sed 79 245 some rose + late cc 
22340 11313 2250 Isl 58 193 
22344 11301 2250 !st 63 195 near- contact 
22346 ll312 2250 alt sed-lst contact 55/186 
22354 11310 2250 alt sed 65 183 
22360 11320 2250 alt sed 83 205 
22370 11332 2250 alt sed 78 30 
22376 11355 2250 alt sed 80 49 74 59 90 50 D-vn nonn-sin movement 
22376 11360 2250 66 133 77 50 70 215 D-vn norm-sin movement 
22376 11360 2250 73 223 
22376 11362 2250 altsed 83 220 
22376 11364 2250 A-E-D vn 501163 
22377 11290 2250 74 182 
22377 11292 2250 67 170 foliated bs 
22377 11296 2250 77 184 70 202 30 280 cataclasite, cc vn, fol bs 
22377 11296 2250 73. 199 22 282 Slicks in cc vn 
22377 11298 2250 57 26 nonnal movement 
22377 11300 2250 alt sed 60 193 bx as, late cc 
22377 11307 2250 ah sed '84 239 
22134 11327 2220 gypsum bx 83/175 
22135 11330 2220 85 143 bx, reidel stringers 
22145 11258 2220 6 1 187 90 172 reverse 
22149 11258 2220 72 165 37 208 normal 
22149 11258 2220 65 172 33 130 dextral 
22 149 11258 2220 sigmoidal vn al -a2 plane 50/108 
221 49 11258 2220 a2 plunge 521120 dextral 
22360 11300 2220 carb sh 30 248 
22360 11302 2220 all sed 45 186 
22360 11314 2220 alt sed 71 200 panially al t seds 
22360 11350 2220 alt sed 76 230 
22361 11288 2220 altsed 57 238 
22361 11298 2220 carb sh 26 227 
22361 11320 2220 Dyke 71/200 
22361 11322 2220 48 152 A-0-vein 
22361 11324 2220 alt sed 20 100 
Appendix 4 Summary of S1111ctural Data from the Porgera Gold Mine 
East (MG) North (MG) RL (m} Lithology Bedding (So) Cleav. (S l} A/B-type VO Fault Plane Subsid. Shear Slick. Plane Slick. Plunge Other Comments 
dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth dip azimuth plunge azimuth 
22361 11328 2220 ah st:d 46 218 
22361 Jl336 2220 alt sed 73 230 
22375 11285 2220 73 184 RF 
22375 11285 2220 75 187 cataclasite 
22375 11285 2220 62 202 HWbs 
22375 11285 2220 64 189 HWbs 
22375 11285 2220 66 183 30 258 CC VO 
22375 Ll285 2220 72 186 27 265 ccvn 
22387 11345 2220 46 169 eastern wall 
22387 11345 2220 4S 162 western wall 
22390 )1359 2220 61 145 52 135 subsid. shear 
22390 11360 2220 alt sed 83 45 
22420 11356 2220 S2 168 A-D-vein 
22429 11359 2220 78 30 latec D-vein 
22429 11359 2220 23 84 A-0-vein 421170, 45/173 some movement 
22429 11359 2220 17 130 
22440 11362 2220 50 173 49 159 47 180 A-D-vcin, normal 
22752 11346 2220 63 165 77 163 48 239 
22760 11333 2220 90 0 A-0 vn 75/313 D-vns with some A-vn spl 
22760 11333 2220 76 192 0-bx YO 
22760 11333 2220 65 163 80 34 subsid. shear 
22760 11333 2220 70 30 subsjd. shear 
22760 11336 2220 alt sed 65 168 
22771 11341 2220 alt sed SS 165 69 165 69 165 S4 224 int dyke 551165 A-vo parallel to fault 
22800 11316 2220 int 76 39 
22802 11353 2220 int 86 39 
22805 11304 2220 bslas 65 170 RF main plane 
22805 11313 2220 alt sed-inl coatacl 581168 
22805 11314 2220 alt sed S5 150 
22805 11334 2220 alt aed 58 166 
22805 11339 2220 all sed 63 183 
22805 11345 2220 altsed-int 51 181 
22810 11308 2220 75 308 
22810 11311 2220 int 82 22 
22810 11312 2220 all sed-inl contact 74/183 
22810 11333 2220 alt sed 62 176 parallel to So 
22810 11334 2220 alt sed 60 186 
22810 11335 2220 alt sed 80 301 
Appendix 4 Summary of Struc1ural Data from !he Porgera Gold Mine 
East (MG) North (MG) RL (m) Lithology Bedding (So) Cleav. (SI) A/B-type vn Fault Plane Subsid. Shear Slick. Plane Slick. Plunge Other Commenis 
dip azimuth dip azimuth dip azimuth dip azimutll dip azimuth dip azimuth plunge azimulh 
22810 11342 2220 alt sed 62 173 
22810 11348 2220 alt scd 53 164 
22775 11279 2180 alt sed-carb 62 190 RF main shear 
22775 11279 2180 alt sed-carb 36 183 S surface 
22775 11288 2180 alt sed-int contact 63/007 
22775 11290 2180 alt sed 63 178 
22775 11296 2180 alt sed 55 163 
22715 11305 2180 altsed 38 193 2-5cs thick Offset = IScm 
22115 11305 2180 al!sed 75 143 
22775 11305 2180 alued 87 143 
22775 11315 2180 alt sed-int dyke69135 25 mlliick 
22775 11323 2180 alt scd 49 175 82 Jl8 sub-parallel to hd dyke 
22780 11279 2180 alt sed-carb 65 171 RF main shear 
22810 11283 2180 alt 6ed-carb 60 178 RF main shear 
22810 11285 2180 al1 sed 85 310 slip plunge= 76124 J 
22810 11285 2180 alt sed 66 122 alpha= 30 deg 
22810 11287 2180 alt sed 85 267 44 352 carbonate 
22810 11287 2180 alt sed 80 279 54 354 fibre 
22810 11287 2180 alt sed 78 269 53 345 slicks 
22810 11294 2180 alt sed 86 304 bs + alt int from fault 
22810 11295 2180 alt sed-int contact 721193 
22810 11299 2180 int 65 197 S-50cm bx + slwck 
228 10 11301 2180 all sed-inl contact 35/230 
22810 11303 2180 alt scd 54 196 
22810 11306 2180 alt sed 37 157 
22810 11308 2180 alt sed 68 168 normal movement 
22810 11311 2180 all sed 66 175 
22810 11313 2180 alt sed 89 295 
22810 11316 2180 ahsed 76 128 
22810 11318 2180 alt sed-int dykc65/127 
22810 11321 2180 alt sed n 126 
22810 11323 2180 alt sed 75 205 
22810 11327 2180 alt scd 70 165 
22220 11240 2160 carb sh 71 179 partial! y altered 
22220 11240 2160 carb sh 54 162 partially altered 
Pa e 255 
APPENDIX 5 GEOCHEMICAL MODEL OF GREG CAMERON 
(IN PROGRESS) FOR MINERALISATION AT PORGERA 
The Cameron model proposes that the Porgera gold deposit began as a Pb - Zn rich, distal 
part of a porphyry hydrothermal system within relatively impermeable host rocks. The 
fluids responsible for the stage I mineralisation circulated under high pressures (fluid 
inclusion constraints) and both gold and base metals were transported as chloride 
complexes and deposited as a result of dilution with meteoric or formational fluids during 
ascent. The appearance of stage Il mineralisation within the Roamane Fault Zone marks 
the end of the existence of the stage I hydrothermal system. Extreme pressure drop and 
associated throttling and adiabatic expansion of the fluid within the Roamane Fault Zone 
accounts directly for the formation of Zone VIl and VITA and is referred to as stage II 
mineralisation. Fluid that originally deposited base metal sulphides and gold along the 
early veins, began dissolving base metal sulphides and gold, and deposited quartz and 
carbonate as the fluid flowed into lower pressure zones along the Roamane Fault Zone. 
Deeper sourced oxidised magmatic fluid, due to similar decompression quickly achieved 
similar levels within the Roamane Fault Zone and mixed with the reduced ore-bearing 
fluid. Mixing of these two fluids at the confluence of stage I and stage II structures 
resulted in oxidation of the reduced gold-bearing fluid and precipitation of the gold-rich 
quartz + roscoelite layers in Zone VIl and VITA. Such dramatic changes in solubility are 
the result of throttling a fluid which, owing to its composition, is internally buffered with 
respect to pH. 
The important observations from the Cameron model, which are referred to in the 
following discussion of the role of the structure in controlling high-grade gold 
mineralisation at Porgera, are: 
• That the stage I mineralising fluid was reduced and apparently in equilibrium with the 
carbonaceous shale, which has resulted in the stage I veins in carbonaceous shale 
having no identifiable alteration selvedge. 
• That the stage I sulphide mineralisation is partially dissolved by the stage II 
mineralisation event. According to the Cameron model, dissolution of the stage I 
mineralisation indicates a significant reduction in fluid pressure associated with the 
stage II mineralisation. 
• That the fault-hosted stage IT mineralisation consists of cyclically layered quartz --+ 
roscoelite +pyrite+ native gold. 
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. Enclosure 1 Compilation of the geology and geophysics 
of the Porgera intrusive complex. 
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Enclosure 2 Bedding and simplified geology of the underground 
mine at Porgera, projected to 2250 mRL. 
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Enclosure 3 Bedding and simplified geology of the surface 
mine at Porgera, projected to 2650 mRL. 
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